THERAPEUTIC COMPOUNDS 



Priority of Invention 
This application claims priority of invention under 35 U.S.C. §1 19(e) 
from U.S. Provisional application number 60/097365 and from U.S. Provisional 
application number 60/097359, each filed 21 August 1998. 

Background of the Invention 
Signal Transducers and Activators of Jranscription (STATs) are a 
family of DN A binding proteins that reside in the cytoplasm until they are activated 
by tyrosine phosphorylation. This phosphorylation event is catalyzed by members 
of the Janus family of tyrosine kinases, including JAK3 (flile. J. N. Adv. Immunol. 
60: 1-35, 1995; Witthuhn, B. A., et al.. Leukemia and Lymphoma. 32: 289-297, 
1999). 

The dual role of STATs as signaling molecules and transcription 
factors is reflected in their structure. All STAT proteins contain a DNA binding 
domain, an SH2 domain, and a transactivation domain necessary for transcriptional 
induction. In unstimulated cells, latent forms of STATs are predominantly localized 
in the cytoplasm. Ligand binding induces STAT proteins to bind with their SH2 
domains to the tyrosine phosphorylated motifs in the intracellular domains of 
various transmembrane cell surface receptors (Horvath, C. M. and Darnell, J. E., 
Curr. Opin. Cell. Biol. 9(2): 233-239., 1997; Levy, D. E., Cytokine Growth Factor 

Rev. 8(1): i\-90, 1997). 

Once STATs are bound to receptors, the receptor-associated Janus 
kinases (J AKs) phosphorylate STATs on a single tyrosine residue located near the 
SH2 domain. Two STATs then dimerize through specific reciprocal SH2- 
phosphotyrosine interactions. The dimerized STAT proteins can also form 
complexes with other DNA-binding proteins. The STAT dimers/complexes next 
translocate to the nucleus and utilize their DNA binding domain to interact with 
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DNA response elements in promoters of target genes (Demoulin, J. B., et al., Mol. 
Cell Biol 76:4710-6,1996). STATs then interact directly or indirectly, v.a the.r 
transactivation domain, with components of the RNA polymerase E complex to 
activate transcription of target genes. Different ligands employ specific J AK and 
STAT family members, thus utilization of this pathway mandates specificity m 
signaling cascades and contributes to a diverse array of cellular responses. Janus 
kinases, including JAK3. are abundantly expressed in primary leukemic cells from 
children with acute lymphoblastic leukemia (ALL), the most common form of 
childhood cancer, and recent smdies have correlated STAT activation in AIX cells 
with signals regulating apoptosis(DemouUn,LB..etal..Mo/. CelLBiol. 16:4110- 
6 1996; Jurlander, J., et al.. Blood. 89: 4146-52. 1997; Kaneko, S., Suzuki, et al., 
Clin. Exp. Immun.109: 185-193, 1997; and Nakamura. N., et al., J. Biol. Chem. 

271: 19483-8. 1996). 

Thus, JAK-3 is an important enzyme that plays an essential role m 

the function of lymphocytes, macrophages, and mast cells. Compounds which 
inhibit JAK-3 would be expected to be useful for treating or preventing diseases or 
conditions wherein the function of lymphocytes, macrophages, or mast cells is 
implicated, such as, leukemia, lymphoma, transplant rejection (e.g. pancreas islet 
transplant rejection, bone marrow transplant applications (e.g. graft-versus-host 
disease), autoimmune diseases (e.g. diabetes), and inflammation (e.g. asthma, 
inflammation associated with sun bum. and skin cancer). A continuing need exists 
for compounds and metiiods that are useful for the treatment and/or prevention of 

such conditions and diseases. 

<;iinimarv of til ft Invention 
The present invention provides JAK-3 inhibiting compounds that are 
nontoxic in the administered dosage range. The JAK.3 inhibitors of the invention 
are useful for treating leukemia and lymphoma. The compounds are also useful to 
prevent skin cancer, as well as to treat or prevent sunburn and UVB-induced skin 
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inflammation. In addition, the compounds of the present invention prevent the 
immunosuppressive effects of U VB radiation, and are useful to treat or prevent 
autoimmune diseases, inflammation, and transplant rejection. 

The present invention provides a therapeutic method for treating 
leukemia or lymphoma comprising administering to the mammal in need thereof an 
effective amount of a JAK-3 inhibitor. 

The present invention also provides a therapeutic method for 
preventing or reducing UV B radiation-induced inflammatory response in a mammal 
comprising administering to the mammal in need thereof an effective amount of a 

JAK-3 inhibitor. 

The present invention also provides a therapeutic method for 
inhibiting the release of prostaglandin in a mammal comprising administering to 
the mammal in need thereof an effective amount of a JAK-3 inhibitor. 

The present invention also provides a therapeutic method for 
preventing or reducing UVB-induced skin edema or vascular permeability changes 
in a mammal comprising administering to the mammal in need thereof an effective 

amount of a JAK-3 inhibitor. 

The present invention also provides a therapeutic method for 
preventing or reducing UV B radiation-induced damage to epithelial cells or 
mutation frequency in skin in a mammal comprising administering to the mammal 
in need thereof an effective amount of a J AK-3 inhibitor. 

The present invention also provides a therapeutic method for 
protecting a mammal from tumorigenic effects of UVB light comprising 
administering to the mammal in need thereof an effective amount of a JAK-3 
inhibitor. 

Representative JAK-3 inhibitors of the invention have also been 
found to exhibit significant anti-proliferative activity against T-cells, and have been 
found to inhibit n.2 dependent cell proliferation. Thus, the compounds can be used 
to treat or prevent transplant complications (e.g. rejection of a donor organ 
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transplant by the host immune system), and complications associated with bone 
marrow transplantation such as graft versus host disease. 

In addition, the compounds of the invention are effective in treating 
and preventing autoimmune diseases, such as insulin dependent diabetes. The 
compounds are also effective in treating airway inflammation (asthma). 

Accordingly, the invention also provides a therapeutfc method for 
treating (or preventing) leukemia, transplant rejection, graft-verses host disease, 
inflammation, asthma, autoimmune diseases including diabetes, and inflammation 
related cancer development in the skin, comprising administering to the mammal in 
need thereof an effective amount of a compound of formula I. 

The invention also provides novel compounds of formula I disclosed 
herein as well as pharmaceutical compositions comprising compounds of formula I . 

A specific JAK-3 inhibitor useful in the medicamants and methods of 
the invention is a compound of formula 1: 



R, X 




wherein: 

X is HN, RuN, S, O, CH2, or RiiCH; 

R„ is hydrogen. (C,-C4)alkyl, or (CrC4)alkanoyl; 

R,-R8 are each independently hydrogen, hydroxy, mercapto. amino, 
nitro, (C.-C4)alkyl, (C,-Q)alkoxy, (C.-C4)alkylthio. or halo; wherein two adjacent 
groups of RrRs together with the phenyl ring to which they are attached may 
optionally formafused ring, for exampleforminganaphthyloratetrahydronaphthyl 
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ring; and further wherein the ring formed by the two adjacent groups of R.-Rs may 
optionally be substituted by 1, 2, 3, or 4 hydroxy, mercapto, amino, nitro, (C- 
C4)alkyl, (Ci-C4)alkoxy, (CrC4)alkylthio, or halo; and 

R, and Rio are each independently hydrogen. (C,-C4)alkyl, (C,-C4)alkoxy, halo, or 
(C,-C4)alkanoyl; or R9 and R,o together are methylenedioxy; or a pharmaceutically 
acceptable salt thereof. Peferably, at least one of R2 and R3 is hydroxy. More 
preferably, at least one of R2 and R3 is hydroxy, and one of Ri to R5 is halo. 

Brief Des t-ri ption of th e Drawings 
Figure 1. Illustrates the synthesis of representative compounds of formula I from 
compound 5. 

Figure 2. [A] Model of JAK3 showing molecular surface of protein (blue), and 
catalytic (ATP binding) site (yellow). [B] Ribbon representation (Ca backbone) of 
the homology model of the JAK3 kinase domain. TheWHI-P131 molecule is 
shown as a space-filling model in the catalytic site of JAK3. [C] Close-up view of 
catalytic site of JAK3 model with docked quinazoline inhibitor WHI-P13 1 (green). 
Residues and inhibitor are shown as space-filling atoms. The solvent-exposed 
opening of the catalytic site has dimensions to allow a relatively planar inhibitor to 
enter and bind to JAK3. The opening of the pocket is defined by residues Pro906, 
Sei907, Gly908. Asp912, Arg953, Gly829, Uu828. and Tyr904 (blue residues). 
The far wall deep inside the pocket is lined with Uu905 (Ca backbone). Glu903. 
Met902. Lys905. and Asp967 (pink residues), and the floor of the pocket is lined by 
Leu905 (side chain). Val884. Leu956. and Ala966 (yellow residues). Residues 
defining the roof of the pocket include Leu828. Gly829. Lys830, and Gly83 1 
(uppermost blue residues). Prepared using InsightE program. 

Figure 3. [A] Model of unoccupied space in the catalytic (ATP binding) site of a 
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,AK3 homology model. Shown in green is the binding site for ATP and *e mos. 
Hkely binding site for dimemoxy<,»inazoline inhibitors. The green kinase acttve s,te 
region tepre^nu a total volume of approximately 530A. Modeling studies showed 
that an inhibitor or a portion of an inhibitor with signiHcant binding to this region 
would occupy a volume less than 530A' and have molecular dimens'lons compatible 
with the shape of the binding site region. Other regions near the binding site which 
show measurable unoccupied volume are shown in royal blue, pink, yellow, and 
light blue. Tlrese binding regions are eiUrer unavailable to inhibitor moleculesCroyal 

blue) or represent regions just large enough to occupy solvent molecules (pink, 
yellow, light blue). A model of WHI-P131 docked into the catalytic site is shown in 
white, superimposed on the green region. [B] Model of the catalytic site of IAK3 
with quinazolines WHI-P131 (multicolor), WHI-P132 (pink), and WHI-P154 
(yellow). Each compound fits into the binding site but WHI.P132 (shown to be 
inactive against JAK3 in biological assays) lacks an OH group that is in a location to 
bind with ASP967. WHI-P131 and WHI-P154, with OH groups at the C4- position 
of the phenyl ring. a« able to form a favorable interactton with Asp967 of JAK3. 
which may contribute to their enhanced inhibition activity. [C] Features of 
dimethoxyquinazoline derivatives which are predicted to aid binding to J AK3 

catalytic site. 

Figure 4. [A] Structural comparison of nonconserved residues in the catalytic sites 
ofSdifferent protein tyrosine kinases: JAK3 (pink). BTK(red).SYK (light blue). 

KK (dark blue), and HCK (yellow). Residues within SA of the docked JAB 
inhibitor, WHI-P131 (white), are shown as rod-shaped side chains. TheCalpha 
backbone of JAM is shown as a thin pink line, for perspective. Regions A to F 
correspond to areas containing nonconserved residues in the catalytic site (see B and 



Results and Discussion). Crystal structure coordinates of HCK and IRK. and 
homology models of J AK3. BTK. and SYK were used for the structural analysis. 
[B] Nonconserved residues in the catalytic sites of 8 different protein tyrosine 
kinases. Regions A-F refer to locations in the catalytic site which are illustrated in 

A. 

Figures. Effects of WHI-P131 on the Tyrosine Kinase Activity of JAK3. [A]-[D] . 
JAK3, JAKl. and JAK2 immunoprecipitated from Sf21 insect ovary cells 
transfected with the appropriate baculovirus expression vectors were treated with 
WHI-P131, then subjected to in vitro kinase assays as described in Methods. The 
enzymatic activity of JAKs was determined by measuring autophosphoiylation in a 
10 min kinase assay, as described in Methods. The kinase activity (KA) levels were 
expressed as percentage of baseline activity (%CON). [E] EMSAs of 32Dc22-IL- 
2Rpcells. WHI-P131 (10ng/ml = 33.6nM)andWHI-P154(10ng/ml = 26.6nM) 
(but not WHI-P132; 10 ^g/ml = 33.6nM) inhibited II.2 triggered JAK-3-dependent 
STAT activation but not 11.3-triggered JAK-l/JAK-2-dependent STAT activation 
in 32Dcll-II^2Rp cells. 

Figure 6. Specificity of WHI-PISI. J AK3. SYK, and BTK immunoprecipitated 
from Sf21 insect ovary cells transfected with the appropriate baculovirus expression 
vector, LYN immunoprecipitated from NALM-6 human B-lineage ALL cells, and 
IRK immunoprecipitated from HepG2 hepatoma cells were treated with WHI-P131, 
then subjected to in vitro kinase assays as described in Methods. 

Figure 7. WHI-P131 Depolarizes Mitochondrial Membranes in a Concentration- 
Dependent Fashion Without Affecting the Mitochondrial Mass. NALM-6 human 



leukemic cells were incubated with indicated concentrations of WHI-P131 for 48 h, 
stained with DilCl to assess the mitochondrial membrane potential (Avi/m) or NAO 
to detect the mitochondrial mass and then analyzed with cell sorter equipped with 
HeNe laser. WHI-P131 caused a progressive increase in depolarized mitochondria 
(as indicated by Ml in A) with increasing concentrations. At similar concentrations 
no significant change in mitochondrial mass [B] was detected. [C]: Cells were 
stained with JC-1 for simultaneous analysis of mitochondrial mass (green 
fluorescence) and mitochondrial transmembrane potential (red/orange fluorescence). 
Untreated NALM-6 cells p.l] as well as NALM-6 cells treated with 50 jiM of 
WHI-P131 for 24 hr [D.2] were incubated with JC-1 and analyzed by confocal laser 
scanning microscopy. Mitochondria of control cells showed a higher membrane 
potential (A^m). as indicated by brighter JC-1 red fluorescence. Treatment of cells 
with WHI-P131 reduced mitochondrial membrane Ax|;m as indicated by a substantial 
decrease in JC-1 red fluorescence. 

Figures. WHI-P 131 Induces Apoptosis in NALM-6 Uukemia Cells. [A]: Cells 
were incubated with 10mM-500mM WHI-P131 for 24 hours and then processed for 
in situ apoptosis assays. The percentage of apoptotic cells was determined by 
examining an average of 1380 cells / 10 fields / sample. Data points represent the 
mean from duplicate counts obtained in two independent experiments. [B.l]. [B.2]: 

NALM-6 cells were incubated with 100 mM of WHI-P131 for 48 hr. processed for 
the in situ apoptosis assay and analyzed with a laser scanning confocal microscope. 

When compared with controls treated with DMSO (0.1%) [B.U, several of the cells 

incubated with WHI-P131 [3.2] showed apoptotic nuclei (yellow fluorescence). 

Red fluorescence represents nuclei stained with propidium iodide. 
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Figure 9. WHI-P131 Induces Apoptotic DNA Fragmentation in Human Leukemia 
Cells. DNA from Triton-X-lOO lysates of control and dnig treated cells was 
analyzed for fragmentation, as described (21). [A] NALM-6 human B-lineage ALL 
cells were treated for 24 hours at 37°C with the listed dimethoxyquinazoline 
compounds at 1, 3. or 10 jiM final concentrations. WHI-P131 was used as the lead 
JAK3 inhibitory compound and all other compounds were included as controls 
which lacked JAK3 inhibitory activity. ■ [B] LCI ;19 human B-lineage ALL cells and 
the control cell lines SQ20B and M24-MET were treated for 24 hours at 37°C with 
WHI-P131 at 1 or 3 \iM final concentrations. 

Figure 10. Inhibitory effect of compound 6 on UVB-induced skin thickness in skh-1 
mice. Female skh-1 mice were treated topically with 1 mg/cm' of compound 6 prior 
to each UVB light exposure with 35 mjW. Skinfold thickness of each mouse was 
recorded twice weekly and the average of the two measurements was used in 
calculations. Data represent mean±SEM (n=5-14). * P < 0.05 and ** P < 0.005 as 
compared to vehicle treated control. 

ngurell. Inhibitory effect of compound 6 on the average number of lesions per 
mouse. Female skh-1 mice were treated topically with 1 mg/cm' of compound 6 prior 
to each UVB light exposure with 35 mj/cml The number of lesions was recorded twice 
weekly and the average of the two measurements was used in calculations. Data 
represent mean+SEM (n=5-14). * P < 0.05 as compared to vehicle treated control. 

Figure 12. Inhibitory effect of Compound 6 on the average lesion volume per mouse. 
Female skh-1 mice were treated topically with 1 mg/cm" of compound 6 prior to each 
UVB light exposure with 35 mj/cm'. The lesions greater than or equal to 1 mm in 
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diameter were measured and recorded twice weekly and an average of the two 
measurements was used In calculations. Usion volume was calculated using the 
formula described in Material and Methods. Data represent mean±SEM (n = 5-14). 
* P < 0.05 as compared to vehicle treated control. 

Figure 13. Morphological appearance of dorsal surface of mice after 20 weeks of UVB 
irradiation. Female skh-1 mice were treated topically with 1 mg/cm^ of compound 6 
prior to each UVB light exposure with 35 mj/cml Mice weie irradiated three times per 
v^eek for a total of 20 weeks. At 20 weeks the mice were anaesthetized, and a picture 
of their dorsal surface was taken. Panel A, Unirradiated and vehicle treated control. 
Panel B. UVB irradiated and vehicle-treated mouse. Panel C. UVB irradiated and 
compound 6-treated mouse. Magnification 2X. 

Figure 14. Compound 6 inhibits UVB-induced PGE^ synthesis. HaCaT cell 
cultures were eitiier irradiated with UVB (25 mj/cm^) or sham irradiated. 
COMPOUND 6 (3 - 30 (M) was added 60 min prior to irradiation and was 
readministered after UVB exposure. Cumulative PGE, released during subsequent 6 
h incubation was determined by EIA. Data represent mean ( SEM (n=3). 

Figure 15. Compound 6 inhibits EGF-stimulated PGE2 release in epidermal cells. 
50 ng/ml EGF was used to stimulate confluent HaCaT cell cultures both in the absence 
and presence of compound 6 and the cells were incubated for 6 h at 37 (C. Following 
incubation tiie supernatant was collected, and PGE. released during incubation was 
determined by EIA. Data represent mean ( SEM (n=5). 



16. Effect of Compound 6 on skinfold thickness of skh-1 mice following 
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UVB Ugh, ini.,v. Skh-. mice we« pre„ea.ed wi* compound 6 (16 mg*g; i p. bolus 
i„iec,io„) for 2 da,s. On .he day o, UVB i«dia.ion the mice «crc anaesU,ci.cd and 
painted wid, 1.5 mg^cm^ compound 6 on dorsai surface .5 minutes befo« UVB 
exposure, and irradiated wid, UVB light (250 mj,cm^ The skinfold thickness was 
^easuredonday 1 through 5 post-inadiaUon. The data are express as mean ( SEM 



(n = 5-34). 



Figure 17 Inhibition of UVB-induced plasma exudation in skin of skh-1 mice. 
Plasma exudaUon was evaluated at the times indicated after UVB exposure (250 
mycm^) b, measudng ^ ^sorbenc of Evans blue in skin extracts following the 
^ethoddescribedinMateriaisandMethod. IMa represent mean ( SEM (n = 5 - 17). 

Figure 18 Effect of compound 6 on skin morphology at day 4 post UVB- 
i^adiation. Skh-1 mice were pretreated with compound 6 (16 mgAcg; i.p. bolus 
injecuon, (or 2 days, panted with 1.5 mg,cm^ compound 6 on dorsa, surface .5 
inures before UVB exposure, and irradiated with UVB light (250 mj/cm ). On day 
4 mice were anaesthefl^d and a pictu. of their dorsal surface was taken. 
Magnification 2X. 

Fta.„ 1,. Inhibition of UVB-ind«eed histological changes in skin of skh-1 mice by 

compound «. Mice were treated with drug ».d exposed to UVB (250 m^cm , 
followingdresame procedureas described i„Hgurelegend3.At48hpost-i,radiation 

.ice were sacrificed, skin was biopsied and paraffm salons of the tissue wete stained 
with hematoxylin and eosin. (a, control, (b, UVB (250 mycm^ and (c, COMPOUND 
6 + UVB (250 mj/cm^). Magnification 40X. 
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Figure 20. Apoptosis of epidermal cells in UVB irradiated skir, ir, skh-l mice and 
its inhibition by compound 6. Skin biopsies from the irradiated and sham irradiated 
mice with or without drug treatment were taken out at 48 h post UVB-irradiation and 
paraffin sections obtained were stained for apoptotic cells. The figure shows images 
captured by confocal microscope using 60X magnification. Green stain in the picture 
shows apoptotic cells. 

Figure 21. Dose-dependent supression of MLR (A). PHA-induced (B) and ConA- 
induced(C)proliferationof splenocytesbyWHI-P131. WHI-P131 was added in the 
concentration of 0.1. 1.0, 10. and 50 ng/mLduring the 5-day culture (MLR), or 3-day 
culture period (PHA and ConA). Proliferation was measured by WST- 1 colorimetric 
assar. Results are presented as mean O.D. ± SEM of 3-7 separate experiments. 
Statistical differences between the groups analyzed by Student's t-test. 

Figure 22. How cytometry analysis of the percentage of apoptotic splenocytes 
(TONEI^positive) obtained after the 24-h<ulture period with addition of 0.1. 1. 10 and 
100ng/mlofWHI-P131. Results are presented as mean ± SEM. Statistical differences 
between the groups analyzed by Student's t-test. 



Figure 23. The in vivo prophylactic effect of WHI-P131 administ^tion on GVHD 
induced across the major histocompatibility barrier in C57BL6 (H-2 ) recipients with 
BALB/c (H-2^) BM/splenocyte grafts. Irradiated (7.5 Gy) recipients were given BM 
and splenocytes (25 x 10^ of each). Some recipients received syngeneic BM, while 
others were treated daily with 25 mgAcg of WHI-PBl, 50 mg/kg of WHI-P132, 3 
mg/kg of Cyclosporine A, 10 mg/m^ of Methotrexate or vehicle control, as described 
in Material and Method section. Differences in survival between the groups were 
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analyzed by life-table analysis, Mantel-Cox test. 

Figure 24. The in vivo prophylactic effect of administration of drug combinations 
presented in Figure 23 on GVHD induced across the major histocompatibility barrier 
in C57BL6 (H-2^) recipients with BALB/c (H-2'^) BM/splenocyte frafts. WHI-P131 
(25 mg/kg), cyclosporine A (3 mgAcg) or combination of cyclosporine A and WHI-P131 
(A); were administered i.p. Differences in survival between the groups were analyzed 
by life-table analysis, Mantel-Cox test. 

Figure 25. The in vivo prophylactic effect of administration of drug combinations 
presented in Figure 23 on GVHD induced across the major histocompatibility barrier 
in C57BL6 (H-2^ recipients with BALB/c BM/splenocyte grafts. WHI-P131 

(25 mg/kg), and WHI-P131 and methotrexate (10 mg/m^) or combination of 
methotrexate and WHI-P131 were administered i.p. Differences in survival between the 
groups were analyzed by life-table analysis, Mantel-Cox test. 

Figure 26. shows the effects of compound 6 (60 mg/kg/day) on GVHD 
development. 

Figure 27. Cummulative diabetes incidence (A) in LDSTZ-treated7afe3- deficient and 
wild-type (WT) males studied during the experimental period of 25 days post 
administration of first STZ injection; statistical difference obtained by life table 

analysis. 

Figure 28. Blood glucose level (mg/dl) (B) in LDSTT^treated/oAJ- deficient and wild- 
type (WT) males studied during the experimental period of 25 days post administration 
of first STZ injection; statistical difference obtained by ANOVA. 
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Figure 29. Cummulative diabetes incidence (A) in LDSTZ-treated C57BL/6 males 
studied during the experimental period of 25- days post administration of first STZ 
injection; statistical difference obtained by life table analysis (Mantel-Cox test). 

Figure 30. Blood glucose level (mg/dl) in LDSTZ-treated C57BU6 males studied 
during the experimental period of 25 days post administration of first STZ injection; 
statistical difference obtained by ANOVA. 

Figure 31. Diabetes incidence in NOD females treated with 20 and 50 mg/kg of WHI- 
P131 daily from 5 to 25 wk of age (A) statistically significant differences between 
WHI-P131-treated and control mice were obtained by life table analysis (Mantel-Cox 
test). 

Figure 32. Diabetes incidence in NOD females treated with 100 mg/kg of WHI-P131 
from 5 or 10 to 25 wk of age; statistically significant differences between WHI-P131- 
treated and control mice were obtained by life table analysis (Mantel-Cox test). 

Figure 33. IPGTT test performed in C57BL76 females (20-wk-old). non-diabetic 
control NOD females (25 -wk-old) and NOD females (25-wk-old) treated for 15 or 20 
weeks with 100 mgAcg of WHI-P131; statistical differences obtained by Student's t-test: 
* *** ****p< 0.05, 0.01, 0.005 and 0.0001, respectively, compared to NOD 

vehicle-control group. 

Figure 34 Delayed adoptive transfer of diabetes into NOD-.ci^ females by WHI-P13 1 
treatment. NOD-scid females were transferred with 10 x 10<^ diabetic splenocytes and 
treated daily with 50 mg/kg of WHI-P131 i.p. till diabetes onset. Statistically 
significant difference obtained by life table analysis (Mantel-Cox test). 
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Figure 35. JaU'^' mice do not reject islet allograft (A); hematoxilin and eosin (B) 
and immunostaining for insulin (C) of allogeneic islet graft transplanted under the 

kidney capsule of diabetic JakS'^' recipient sacrified on day 100 post 
transplantation. Data representative of > 30 sections/graft and 6 mice/group; xlO. 

Figure 36. WHI-P131 supresses MLR reaction. Responder splenocytes (4 x 
lO^/ml) were mixed with stimulator splenocytes (1.6 x 10^/ml) and drugs were 
added in the concentration of 0.1, 1. 10 and 50 • g/ml during the 5-day-culture 
period Proliferation was measured by WST-1 colorimetric assay. Results are 
presented as mean O.D. ± SEM of 6 separate experiments; p = 0.0095 compared to 
proliferation of control cells not-exposed to the WHI-P13 1 . 

Figure 37. Flow cytometry analysis of apoptotic splenocytes (TUNEL-positive). 
TUNEL staining was performed after 20 h incubation period of splenocytes 
(1.5xloS with 0.1, 1. 10 and 100 ^lg/ml of WHI-P131. Results are presented as 
mean ± SEM. Statistical differences between the groups analyzed by Student's t- 
test. 

Figure 38. Effect of WHI-P131- (50 and 75 mg/kg ). WHI-P132 (50 mgAcg) and 
cyclosporine A-treatment (20 mgAcg ) on islet allograft survival; p values obtained 
by life table analysis (Maiitel-Cox test). 

Figure 39. How cytometry analysis of C57BU6 splenocytes after the treatment with 
130 mgAcg of WHI-P131 for 10 days. Results are presented as mean ± SEM. 
Statistical differences between the groups analyzed by Student's t-test. 

Figure 40. Non-fasting blood glucose (mg/dl) in syngeneic islet transplant 
recipients treated with 50 mg/kg/day of WHI-P131 or vehicle control during the 
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period 



of 180 days post transplantation (A). Results are presented as mean ± SD. 



Figure 41. IPGIT of the same recipients in Figure 39 and non-transplanted control 
mice performed on day 70 (B) post transplantation after the fasting period of 8 
hours. Results are presented as mean ± SEM (B, C). 



Figure 42. IPGIT of the same recipients in Figure 39 and non-transplanted control 
nuce performed on day 180 (C) post transplantation after the fasting period of 8 
hours. Results are presented as mean ± SEM. 

nptailed Descr p*'"" »f ^^e Invention 
The following definitions are used, unless otherwise described: halo 
is fluoro, chloro. bromo, or iodo. Alkyl, alkoxy. etc. denote both straight and 
branched groups; but reference to an individual radical such as "propyl" embraces 
only the straight chain radical and reference to an individual radical such as 
"isopropyl" embraces only the branched chain radical. Aryl denotes a phenyl 
radical or an ortho-fused bicyclic carbocyclic radical having about nine to ten nng 
atoms in which at least one ring is aromatic. Heteroaryl encompasses a radical 
attached via a ring carbon of a monocyclic aromatic ring containing five or six nng 
atoms consisting of carbon and one to four heteroatoms each selected from the 
group consisting of non-peroxide oxygen, sulfur, and N(W) wherein W is absent or 
is H O (C,-C4)alkyl, phenyl or benzyl, as well as a radical of an ortho-fused 
bicyclic heterocycle of about eight to ten ring atoms derived therefrom, particularly a 
benz-derivative or one derived by fusing a propylene, trimethylene, or 

tetramethylene diradical thereto. 

Specific values listed below for radicals, substituents, and ranges, are 
for illustration only; they do not exclude other defined values or other values within 
defined ranges for the radicals and substituents 
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Specifically. (C,-C4)alkyl can be methyl, ethyl, propyl, isopropyl, 
butyl iso-butyl, or sec-butyl; (C,-C4)alkoxy can be methoxy. ethoxy. propoxy. 
isopropoxy, butoxy. iso-butoxy. or sec-butoxy; (C.-C.)alkylthio can be methylthio, 
ethylthio, propylthio. isopropylthio, butylthio, or isobutylthio; (C.-C4)alkanoyl can 
be acetyl, propanoyl, butanoyl, or isobutanoyl; aryl can be phenyl, indenyl, or 

naphthyl; and heteroaryl can be furyl, imidazolyl. triazolyl, triazinyCoxazoyl. 

isoxazoyl, thiazolyl, isothiazoyl. pyrazolyl, pyrrolyl, pyrazinyl, tetrazolyl, pyridyl. 

(or its N-oxide), thienyl. pyrimidinyl (or its N-oxide). indolyl, isoquinolyl (or its N- 

oxide) or quinolyl (or its N-oxide). 

It will be appreciated by those skilled in the art that compounds of the 
invention having a chiral center may exist in and be isolated in optically active and 
lacemic forms. Some compounds may exhibit polymorphism. It is to be understood 
that the present invention encompasses any racemic. optically-active, polymorphic, 
or stereoisomeric form, or mixtures thereof, of a compound of the invention, which 
possess the useful properties described herein, it being well known in the art how to 
prepare optically active forms (for example, by resolution of the racemic form by 
recrystallization techniques, by synthesis from optically-active starting materials, by 
chiral synthesis, or by chromatographic separation using a chiral stationary phase) 
and how to determine prostaglandin E2 inhibition activity using tiie standard tests 
described herein, or using other similar tests which are well known in tiie art. 

A specific group of compounds are compounds of formula I wherein 
X is RuN. Another specific group of compounds are compounds of formula I 

wherein X is HN. 

A specific group of compounds are compounds of formula I wherein 

Ri , R2, R4, Rs. R6. R7, and Rio are each H. 

A specific group of compounds are compounds of formula I wherein 
R3 is (CrC4)alkoxy. hydroxy, nitro, halo, trifluoromethyl, or NR.2R,3 wherein R,2 
and R,3 are each independentiy hydrogen, (CrC4)alkyl. (C,-C4)alkenyl. (C,- 
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Oalkynyl, (C3-Q)cycloalkyl. or heterocycle. Another specific group of compounds 
are compounds of formula I wherein R3 is hydroxy. 

A specific group of compounds are compounds of formula I wherem 
Rs is (C,-C4)alkoxy. Another specific group of compounds are compounds of 

formula I wherein Rg is methoxy. 

A specific group of compounds are compounds of fomula I wherein 
R, is (C,-C4)alkoxy. Another specific group of compounds are compounds of 

formula I wherein R9 is methoxy. 

A preferred compound is 4-(4'-hydroxyl-phcnyl)-amino- 

6.7-dimethoxyquinazoline WHI-P131; or a pharmaceutically acceptable salt 
thereof. 

A preferred compound is 4-(3'-hydroxyl-phenyl)-amino- 
6,7-dimethoxyquinazoline WHI-P180; or a pharmaceutically acceptable salt 

thereof. 

A preferred compound is 4-(3'.5'-dibromo-4'-hydroxyl-phenyl)- 
amino-6.7-dimethoxyquinazoline WHI-P97; or a pharmaceutically acceptable salt 

thereof. 

A preferred compound is 4-(3'bromo-4'-hydroxyl-phenyl)-amino- 

6,7-dimethoxyquinazolineWHI-P154; or a pharmaceutically acceptable salt thereof. 

The compounds of the present invention can be formulated as 

pharmaceutical compositions and administered to a mammalian host, such as a 
human patient inavariety of forms adapted to the chosen route of administration. 

i.e.. orally or parenterally, by intravenous, intramuscular, topical or subcutaneous 

routes. 

Thus, the Substances may be systemically administered, e.g.. orally, 
in combination with a pharmaceutically acceptable vehicle such as an inert diluent 
or an assimilable edible carrier, my may be enclosed in hard or soft shell gelatin 
capsules, may be compressed into tablets, or may be incorporated directly with the 
food of the patient's diet. For oral ti^erapeutic administration, the Substance may be 
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combined with one o. more exeipiems and used in the form of inges.ible .ablets. 

buccal .ablets, troches, capsules, elixirs, suspensions, symps. wafers, and the l.ke. 

such compositions and preparations should contain at least 0. 1% of the Substance. 

The percentage of the compositions and preparations may, of course, be vaned and 

may conveniently be between about 2 to about 60% of the weigh, of a given un,. 

dosage form. The anrount of SubsBnce in such therapeuUcally useful compos.uons 

is such that an effective dosage level will be obtained. 

The tableu, ttoches, pills, capsules, and die like may also contain the 
following; binders such as gum tragacan*. acacia, com starch or gelatin; excipients 
such as dicalcium phosphate; a disintegrating agent such as com starch, potato 
starch alginic acid and the like; a lubricant such as magnesium stearale; and a 
sweetening agent such as sucrose, fructose, lactose or aspartame or a flavoring agent 
such as peppcmunt, oil of wintergreen, or cherry flavoring may be added. When dre 
unit dosage form is a capsule, it may contain, in addiUon to materials of me above 
aliquidcarriensuchasavegetableoilorapolyethyleneglycol. Variousottrer 

materials may be pre^nt as coatings or to od,erwise modify the physical form of the 
solid unit dosage form. For instance, tableu, pills, or capsules may be coated w,.h 
gelatin wax, shellac or sugar and the like. A syrup or elixir may contain dre active 
compound, sucrose or fructose as a sweetening agent, medtyl and propylparabens as 
preservatives, a dye artd flavoring such as cheny or orange flavor. Of course, any 
material used in preparing any unit dosage form should be pharmaceutically 
accepuble and substantially non-toxic in the amounts employed. In addmon, the 
Substance may be incorporated into sustained-release preparations and devces. 

The Substances may also be administered intravenously or 
intraperitoneally by infusion or injection. Solutions of the Substafce can be 
prepared in water, optionally mixed with a nontoxic surfactant. Dispersions can also 
be prepared in glycerol, liquid polyethylene glycols, triacefln, and mixtures Acreof 
and in oils. Under ordinary conditions of storage and use, these preparations contam 
a preservative to prevent the growdi of microorganisms. 
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The pharmaceutical dosage fo-n>s suitable for injection or infusion 
can include sterile aqueous solutions or dispersions or sterile powders comprising 
the Substance which are adapted for the extemporaneous preparatton of stenle 
injectable or infusible solutions or dispersions, optionally encapsulated in 
liposomes. In all cases, the ultimate dosage form must be sterile, fluid and stable 
under the condiUons of manufactute and storage. The liquid carrier or vehtck can 
be a solvent or liquid dispersion medium comprising, for example, water, ethanol. a 
polyol (for example, glycerol, propylene glycol, liquid polyethylene glycols, and the 
like) vegeutble oils, nontoxic glyceryl esters, and suitable mixm.es thereof. The 

proper fluidity can be maintained, for example, by the formation of liposomes, by 
tbemaintenanceottherequiredpartidesize in thecaseof dispersions or by the use 

of surf actanu. Tlte p«vention of the action of microorganisms can be brought about 
by various anUbacterial and anUfungal agents, for example, parabens, chlorobutanol, 
phenol, sorbic acid, thimcrosal, and the like. In many cases, U will be preferable to 
include isotonic agents, for example, sugars, buffers or sodium chloride. Prolonged 
absorpUon of the injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminum monostearate 
and gelatin. 

Sterile injectable solutions are prepared by incorporating the 
substance in the required amount in the appropriate solvent with various of the other 
ingredients enumerated above, as required, followed by filter sterilization. In the 
case of sterile powders for the preparation of sterile injectable solutions, the 
preferred methods of preparation are vacuum drying and the freeze drying 
techniques, whichyieldapowderoftheactiveingredientplus any additional desired 

ingredient present in the previously sterile-filtered solutions. 

For topical administration, the Substances may be applied m pure 
form i.e., when they are liquids. However, it will generally be desirable to 
administer them to the skin as compositions or formulations, in combination with a 
dermatologically acceptable carrier, which may be a solid or a liquid. 



20 



Useful solid carriers include finely divided solids such as talc, clay, 
n^icrocrystalline cellulose, silica, alumina and the like. Useful liquid carriers 
include water, alcohols or glycols or water-alcohoUglycol blends, in which the 
Substances can be dissolved or dispersed at effective levels, optionally with the aid 
of non-toxic surfactants. Adjuvants such as fragrances and additional antimicrobial 
agents can be added to optimize the properties for a given use. The resultant liquid 
compositions can be applied from absorbent pads, used to impregnate bandages and 
other dressings, or sprayed onto the affected area using pump-type or aerosol 
sprayers. 

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and 
esters fatty alcohols, modified celluloses or modified mineral materials can also be 
employed with liquid carriers to form spreadable pastes, gels, ointments, soaps, and 
the like, for application directly to the skin of the user. 

Examples of useful dermatological compositions which can be used 
to deliver the Substances to the skin are known to the art; for example, see Jacquet 
et al. (U.S. Pat. No. 4,608.392), Geria (U.S. Pat. No. 4,992.478). Smith et al. (U.S. 
Pat. No. 4,559,157) and Wortzman (U.S. Pat. No. 4.820.508). 

Useful dosages of the compounds of formula I can be determined by 
comparing their in vitro activity, and in vivo activity in animal models. Methods for 
the extrapolation of effective dosages in mice, and other animals, to humans are 
known to the art; for example, see U.S. Pat. No. 4.938.949. 

Generally, the concentration of the Substance in a liquid 
composition, such as a lotion, will be from about 0.1-25 wt-%, preferably from 
about 0.5-10 wt-%. The concentration in a semi-solid or solid composition such as 
a gel or a powder will be about 0.1-5 wt-%. preferably about 0.5-2.5 wt.%. 

The amount of the Substance required for use in treatment will vary 
not only with the particular salt selected but also with the route of administration, 
the nature of the condition being treated and the age and condition of the patient and 
will be ultimately at the discretion of the attendant physician or clinician. 
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In general, however, a suitable dose will be in the range of from 
about 0 5 to about 100 mg/kg. e.g.. from about 10 to about 75 mgAcg of body weight 
per day, such as 3 to about 50 mg per kilogram body weight of the recipient per day, 
preferably in the range of 6 to 90 mg/kg/day, most preferably in the range of 15 to 
60 mg/kg/day. 

The Substance is conveniently administered in unit dosage form; for 
example, containing 5 to 1000 mg, conveniently 10 to 750 mg. most conveniently, 
50 to 500 mg of active ingredient per unit dosage form. 

Ideally, the Substance should be administered to achieve peak plasma 
concentrations of from about 0.5 to about 75 nM, preferably, about 1 to 50 nM. 
most preferably, about 2 to about 30 nM. This may be achieved, for example, by the 
ir^travenous injection of a 0.05 to 5% solution of the Substance, optionally in saline, 
or orally administeied as a bolus containing about 1-100 mg of the Substance. 
Desirable blood levels may be maintained by continuous infusion to provide about 
0.01-5.0 mg/kgAir or by intermittent infusions containing about 0.4-15 mg/kg of the 
Substance. 

The Substance may conveniently be presented in a. single dose or as 
divided doses administered at appropriate intervals, for example, as two. three, four 
or more sub-doses per day. The sub-dose itself may be further divided, e.g.. into a 
number of discrete loosely spaced administrations; such as multiple inhalations from 
an insufflator or by application of a plurality of drops into the eye. 

The invention will now be illustrated by the following non-limiting 

Examples. 

Examples 

Melting points are uncorrected. 'H NMR spectra were recorded 
using a Varian Mercury 300 spectrometer in DMSO-d. or CDCI3. Chemical shifts 
are reported in parts per million (ppm) with tetramethylsilane (TMS) as an internal 
standard at zero ppm. Coupling constant (J) are given in hertz and the abbreviations 
s d t q, and m refer to singlet, doublet, triplet, quartet and multiplet. respectively. 
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Infrared spectra were 



spectroscopy data were 



recorded on a Nicolet PROTEGE 460-IR spectrometer. Mass 



recorded on a FINNIGAN MAT 95, VG 7070E-HF G.C. 



system with an HP 5973 Mass Selection Detector. UV spectra were recorded on 
BECKM AN DU 7400 and using MeOH as the solvent. TLC was performed on a 
precoated silica gel plate (Silica Gel KGF; Whitman Inc). Silica gel (200-400 mesh. 
Whitman Inc.) was used for all column chromatography separations. All chemicals 
were reagent grade and were purchased from Aldrich Chemical Company 
(Milwaukee, Wis) or Sigma Chemical Company (St. Lx>uis. MO). 

The synthesis of a representative compound of formula I is described 
in Example 1. Other compounds of formula I can be prepared using procedures 

similar to those described in Example 1. 

ExamElei Chemical Synthesis and Characterization of 4.(4'-hydroxyl. 
phenyl)-amino-6,7-dimethoxyquinazoline(6) 




O 



1) SOCI2 

2) NH4OH 



CH3O 



(1) 



(2) 



CUSO4 

NaBH4 
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HN f\-OH 



Reflux 

4 5-Dime<hoxy-2-nitroben«.ic acid (1) was treated with Ihionyl 
cworide and then reacted with ammonia to give 4.5-dime.hoxy-2-nit,»benzam,dc 

;asdescHhed.,P.N„n,ot„etai.C^P-™.B"«.»'0.^«.~^- 
[L group in compound (2, was reduced with solium borohydride in the pre»nce 

„f copper su.ta.e(seeC.L. Thomas WProc.««<:ndPr<,v.„» 

Academic Press. New York (.970), to give 4,5-di,nethoxy-2-aminobe„zam,de (3, 

which was cyclized by lefluxing with formic acid to g.ve 

6,,-dimethoxy,uina.o.ine^(3H)^ne(4). Compound (4) was reflux«i w.th 
phosphorus oxy.rich.oride.oprovidecom^und(5),whichisauseM.nterme<ha^^ 
Lpreparingcompounds of formuialwhereinXisNH-ReaConof compound (5, 

v,ith the tequiste aniline ptovided the following compounds of fotmula I: 

R2 




CH^O' 



Compound 

WHI-P97 


Rr 1 
H 


Br 


OH 


R4 

Br 


m.p.°C 

>300 
225-228 


WHI-PUl 
WHI-P131 


H 
H 


Br 
H 


Me 

OH ' 


H 
H 


245-248 


WHI-P132 


OH 


H 


H 


H 


255-258 
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WHI-P154 


H 


Br 


OH 


H 




WHI-P180 


H 


OH 


H 


H 


ZjO-Zjo 


WHI-P197 


H 


CI 


OH 


H 


245 (dec) 


WHI-P292 


OH 


H 


* 


* 


277-279 


*R3 and R4 tO] 


jether are benzo 



Using a procedure similar to that described above, or using 
procedures which are known in the art for preparing other quinazoUne compounds, 
compounds of formula I can be prepared. For example. Compounds of formula I 
wherein X is S. O. or CH^ can be prepared from a compound of formula (5) by 
reaction witharequsitecompoundof the formula PhXH as illustrated in Figurel. 

geamElel, Identification of selective JAK-S inhibitors 



Constructing A Homology Model for the JAK3 Kinase Domain. A homology 
model for JAK-3 was constructed as described by E.A. Sudbeck, et al.. Clinical 
Cancer Research, 1999. 5, 1569-1582. Because the three dimensional coordinates 
of the JAK3 kinase domain are currently unknown, a structural model of JAK3 was 
required for a docking analysis of JAK3 inhibitors. A homology model of JAK3 
was constructed (Figure 2) by using known coordinates of homologous kinase 
domains as a reference. The JAK3 homology model was built by fn.t obtaining the 
protein sequence of JAK3 (Swiss-Prot #P52333. Univ. of Geneva. Geneva, 
Switzerland) from GenBank (National Center for Biotechnology Information, 
Bethesda, MD) and determining the most reasonable sequence alignment for the 
JAK3 kinase domain relative to some template coordinates (known kinase structures 
such as HCK, FGFR, and IRK (Sicheri. F.. et al.. Nature. 385: 602-9, 1997; 
Mohammadi, M., et al.. Cell. 86: 577-87. 1996; Mohammadi, M., et al.. Science. 
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276: 955-60, 1997; and Hubbari. S. R., e< al.. Nature. 372.- 745-54, 1994). 
This was accomplished by firs, superimposing tt.e Ca coordinates of the kinase 
domains of HCK, FGFR, and KK using me Insightn program to provide the best 
overall structural comparison (Insightn, Molecular Simulations Inc. . San Diego, 
CA 1996). The sequences were then aligned based on the superimposition of Uteir 
strJctur^ (amino acid sequences were aligned together if ^eir Ca positions were 
spatially related to each other). The alignment accommodated such features as loops 
in a protein which differed from the other protein sequences. The structural 
superimposition was performed using the Homology module of the Insightn 
program and a SiUcon Graphics 1ND1G02 computer (Silicon Graphics, Mountain 
View CA). The sequence alignment was done manually and produced a sequence 
variation profilefor each superimposedCap«siaon.T*e sequence variation profile 

served as a basis tor the subsequent sequence alignment of the JAK3 Icinase with 
the other three proteins. In this procedure, the sequence of JAK3 was incorporated 
into the program and aligned with the three known kinase proteins based on .he 
sequence variation profiles describedprevi„usly.Nex.,ase.of3Dcoordina.es was 

assigned to the IAK3 kinase sequence using the 3D coordinates of HCK as a 
template and the Homology module within the Insightn program. TTte coordinates 
for a loop region where a sequence insertion .^urs (relative u, HCK wi*o«. the 
loop) were chosen from a limited number of possibilities automatically generated by 
thecomputer program andmanually adjusted toamore ideal geomettyusingthe 

program CHAIN (Sack, J. S., J. Mol. Graphics. 6: 244-245, 1988). Finally, the 
constructed model of the J AK3 kinase domain was subjected to energy 
minimization using ttte X-PLOR program so «>a. any steric strain introduced during 
the model-building process could be relieved (BrUnger, A. T. X-PWR, A System 
for X-ray Crystallography and NMR). The model was screened for unfavorable 
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steric contacts and if necessary such side chains were remodeled either by using a 
rotamer library database or by manually rotating the respective side chains. The 
procedure for homology model constmction was repeated for JAKl (SWISS-PROT 
#P23458) and JAK2 (Genbank #AF005216) using the JAK3 model as a structural 

template. The energy minimized homology models of JAKl , JAK2: and J AK3 were 

then used, in conjunction with energy-minimized structural models of 

dimethoxyquinazoline compounds, for modeling studies of 

JAK/dimethoxyquinazoline complexes. 

Docking Procedure Using Homology Model of J AK3 

Kinase Domain. Modeling of the JAKB/dimethoxyquinazoline complexes was 
accomplishedusingtheDocldngmodule Within theprogramlNSIGHrnandusing 

the Affinity suite of programs for automatically docking an inhibitor into a protein 

binding site (a similar procedure for EGFR and BTK was previously described, see 

Ghosh, S.. et al., Clin. Can. Res. 4: 2657-2668, 1998; Mahajan, S., et al., J. Biol. 

Chem. 274: 9587-9599, 1999. The various docked positions of each compound 

were evaluated using a Ludi (Bohm. H. J. et al., J. Comput. Aided Mol. Des. 8: 243- 

56. 1994) scoring procedure in mSIGHTH which estimated a binding constant. K, 

taking into account the predicted lipophilic, hydrogen bonding, and van der Waals 
interactions between the inhibitor and the protein. Acomparisonofthe catalytic site 

residues of several different PTK was made by manually superimposing crystal 
structure coordinates of the kinase domains of IRK andHCK, and models ofJAKl, 

JAK2. JAK3, BTK. and SYK and then identifying feamres in the active site which 
were unique to JAK3 (Figure 3 and Figure 4). 

Chemical synthesis of quinazoline derivatives. The compounds 
listed in Table 1 were synthesized and characterized using literature procedures 
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(RewcasUe. G. W., e, a,., J. Med. Chen,. 38: 3482-7, 1995). 

TabUl P«dicUdinUn.c«o„.fpr.tona«d<,ui„a»,.in.s«UhJAK3kin.se 

,euve sue and measured inhibiUon values aCs. values) trom JAK3 Kinase 

assays. 
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i™„„„e Complex Kinase Assays. Sf21 (IPIi-SF21-AE) cells 
(Vassilev A., e. =1., J. Biol. Chem. 274: 1646-1656, 1999) derived f™m Ae ovarii 
.issue of .he fall annywom. SpaceMeria. »ere obtained from Invi.r„ge„ 
(Carlsbad. CA) and mainlined a. 26-28-C in Graee's insect cell medium 
supplemented with 10% FBS and 1.0% antibioUc/antimycotie (GBCO-BRL). 
Stock ecus were maintained in suspension at 0.2 - 1 .6 x lO'/ml in 600 ml total 
culmrevolumein lLBellcospin„ernasksat60-90n.m. Cel. viability was 
n^aint^ned at 95-100% as detenruned by trypan blue dye exclusion. Sf21 cells were 
int^ted with a baculovints expression vector for BTK. SYK. J AKl, JAK2. or 
,AK3 Cells were harvested, lysed (lOmM Tris pH7.6. lOOmM NaCl. .% Nonidet 
P^, 10% glycerol, 50mM NaF, lOOi^ Na,VO„ 50,tg/ml phenylmediylsulfonyl 
fluoride, lOiig/ml aprotonin, lOptg/ml leupepUn), the kinases were 
immunoprecipitated from the lysates, and their enzymatic activity assayed, as 
reported (Vassilev, A., et al., J. Biol. Chem. 27.: 1646-1656, 1999; Uckun. F. M.. 
et al Science. 22; 1096-1100, 1996; Goodman, P. A., et al.. J. Biol. Chem. 273: 
,7742.48, 1998; Mahaian, S., et al., Mol. Cell. Biol. 15: 5304-1 1, 1995; and Uckun, 
F M., e. al.. Science. 2«7: 886-91, 1995). The immunoprecipita.es were subjected 
to W«tem blot analysis as previously described (Vassilev, A., et al., J. Biol. Chem. 
274- .646-1656, .999; and Uckun. F. M.. et al.. Science. 22: .096-1 .00, .996). 

For insulin receptor kinase (KK) assays, HepG2 human hepatoma 
.ells grown to approximately 80% confluency were washed once with serum-free 
DMEM and sU^ed for 3 hours a. 3/ in a CO. incuba»r. Subse,uen.ly, cells were 
stimulated with insulin (E.i Li.ly and Co.. Indianapolis, m, ca« CP^10;10 units/ 
„0/10 xlO' ce.ls) for .0 minutes a. room .emperaUrre. FoBowing .his IRK 
ae.iva.ion s.ep, cells were washed once with semm free medium, lysed in NP^ 
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buffer and IRK was immunoprecipitated from the lysates with an anti-IRp antibody 
(Santa Cruz Biotechnology, Santa Cruz, CA, Cat.# sc-7 1 1, polyclonal IgG). Prior to 
performing the immune complex kinase assays, the beads were equilibrated with the 
kinase buffer (30mM Hepes pH 7.4, 30mM NaCl, 8mM MgClj. 4mM MnCy. 
LYN was immunoprecipitated from whole cell lysates of NALM-6 liuman leukemia 
cells as previously reported (Uckun, F. M., et al.. Science. 267: 886-91, 1995; and 
Uckun, F. M., et al., Journal of Biological Chemistry,. 271 : 6396-6397, 1996). 

In JAK3 immune complex kinase assays (17, 22), KL-2 EBV- 
transformed human lymphoblastoid B cells (native J AK3 kinase assays) or insect 
ovary cells (recombinant JAK3 kinase assays) were lysed with NP-40 lysis buffer 
(50mM Tris, pH 8, 150 mM NaCl, 5 mM EDTA, 1% NP-40. 100 pM sodium 
orthovanadate, 100 \M sodium molybdate, 8 jig/ml aprotinin, 5 |ig/ml leupeptin, 
and 500 pM PMSF) and centrifiiged 10 min at 13000xg to remove insoluble 
material. Samples were immunoprecipitated with antisera prepared against JAK3. 
The antisera were diluted and immune complexes collected by incubation with 15 ^il 
protein A Sepharose. After 4 washes with NP-40 lysis buffer, the protein A 
Sepharose beads were washed once in kinase buffer (20 mM MOPS, pH7, 10 mM 
MgCl2) and resuspended in the same buffer. Reactions were initiated by the 
addition of 25 ^Ci [7-'^P] ATP (5000 Ci/mMole) and unlabeled ATP to a final 
concentration of 5 \iM. Reactions were terminated by boiling for 4 min in SDS 
sample buffer. Samples were nin on 9.5% SDS polyacrylamide gels and labeled 
proteins were detected by autoradiography. Following electrophoresis, kinase gels 
were dried onto Whatman 3M filter paper and subjected to phosphorimaging on a 
Molecular Imager (Bio-Rad, Hercules, CA) as well as autoradiography on film. For 
each drug concentration, a kinase activity index (KA) was determined by comparing 
the kinase activity in phosphorimager units (PIU) to that of the baseline sample. In 
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some experiments, cold kinase assays were performed, as described by (Uckun, F. 

M., et al.. Clin. Can. Res. 4: 901-912, 1998). 

Electrophoretic Mobility Shift Assays (EMSAs). EMSAswere 
performed to examine the effects of dimethoxyquinazoline compounds on cytokine- 
induced STAT activation in 32Dcl l/IL2Rp cells (gift from Dr. James Dile, St. Jude 
Children's Research Hospital), as previously described (Goodman, P. A., et al., J. 
Biol. Chem. 273: 17742-48, 1998). 

Mitochondrial Membrane Potential Assessment. To measure the 
changes in mitochondria, cells were incubated with WHI-P131 at concentrations 
ranging from 7.4 jig/ml (25 \iM) to 30 ng/ml (200mM) for 24 h or 48 h, stained with 
specific fluorescent dyes and analyzed with flow cytometer. Mitochondrial 
membrane potential (AYm) was measured using two dyes including a lipophillic 
cation 5,5',6,6'-tetrachloro-l,r,3,3'-tetraethlybenzimidazolylcarbocyanine iodide 
(JC-1) and a cyanine dye, l,r,3,3,3',3'-hexamethylindodicarbocyanine iodide 
(DilCl (27-29)) obtained from Molecular Probes (Eugene, OR). JC-l is a monomer 
at 527 nm after being excited at 490 nm; with polarization of A^'m, J-aggregates are 
formed that shift emission to 590 nm (30). This can be detected on a flow cytometer 
by assessing the green signal (at 527 nm) and green-orange signal (at 590 nm) 
simultaneously, creating an index of the number of cells polarized and depolarized 
mitochondria. DilCl, a cyanine dye which is amphioatheic and cationic, 
concentrates in energized mitochondria and has been used in a variety of studies to 
measure the mitochondrial membrane potential (Fujii, H., et al., Histochem J. 29: 
571-581, 1997; Mancini, M., et al., J. Cell Biol. 138: 449-469, 1997; and Petit, P. X., 
et al., J. Cell Biol. 130: 157-167, 1995). Cells were also stained with DilCl at 40 nM 
concentration for 30 min in the dark as described for JC-1. The cells were analyzed 
using a Vantage Becton Dickinson (San Jose. CA) cell sorter equipped with HeNe 
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laser with excitation at 635 nm and the nuorescence was collected at 666 nm. 

Mitochondrial Mass Determination. Relative mitochondrial mass 
was measured by using Becton Dickinson Calibur flow cytometry and the fluorescent 
stain lO-n-nonyl-acridine orange (NAO), which binds the mitochondrial 
phospholipid cardiolipin, that has been extensively used to provide an index of 
mitochondrial mass (Maftah, A., et al., Biochem. Biophys. Res. Commun. 164: 185- 
190, 1989). 

Results and discussion for Example 2. 

Homology Model of JAK3 Kinase Domain. The three-dimensional 
coordinates of JAK3 used in the protein/inhibitor modeling studies were constructed 
based on a structural alignment with the sequences of known crystal structures of the 
kinase domains of three protein tyrosine kinases (PTKs) (kinase domains of HCK 
(9), FGFR (1 1), and IRK (37)), as detailed in Materials and Methods. Figure 2A 
and IB show the homology model of the JAK3 kinase domain, which is composed 
of an N-terminal lobe and a C-terminal lobe which are linked by a hinge region near 
the catalytic (ATP-binding) site. The catalytic site is a pocket located in the central 
region of the kinase domain, which is defined by two P-sheets at the interface 
between the N and C lobes. The opening to the catalytic site is solvent accessible 
and facilitates binding of ATP. Small molecule inhibitors can also bind to the 
catalytic site which results in an attenuation of PTK activity by inhibiting ATP 
binding. An analysis of the JAK3 model revealed specific features of the catalytic 
site which can be described as a quadrilateral-shaped pocket (Figure 2C). The 
opening of the pocket is defined by residues Pro906. Sei907. Gly908. Asp912. 
Arg953, Gly829, Uu828, and Tyi904 (blue residues. Figure 2C). The far wall deep 
inside the pocket is lined with Leu905 (Ca backbone), Glu903. Met902, Lys905. 
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and Asp967 (pink residues. Figure 2C). and the floor of the pocket is lined by 
Leu905 (side chain). Val884. Leu956. and Ala966 (yellow residues. Figure 2C). 
Residues defining the roof of the pocket include Uu828. Gly829. Lys830. and 
Gly831 (uppermost blue residues, Figure 2C). Figure 2C and 3A illustrate that the 
catalytic site of the JAK3 model has approximate dimensions of 8 x'l 1 x 20A and 
an available volume for binding of approximately 530Al According to the model, 
the solvent exposed opening to the binding region would allow inhibitors to enter 
and bind if the molecule contains some planarity. 

While most of the catalytic site residues of the JAK3 kinase domain 
were conserved relative to other PTKs. a few specific variations were observed 
(Figure 4). These differences include an alanine residue in BTK, IRK. and 
HCK/LYN (region A, Figure 4A) which changes to Glu in SYK and Pro906 in 
JAK3. At region B. a tyrosine residue is conserved in JAK3 (Tyr9(M). BTK, and 
LYN, but changes to Phe in HCK (which is the only apparent residue difference 
between HCK and LYN relevant to inhibitor binding). Met in SYK, and Uu in IRK 
Region C shows a methionine residue which is conserved in BTK, IRK, and 
HCK/LYN, but changes to Leu905 in JAK3 and to Ala in SYK. Region D shows 
Met902 in JAK3. which is conserved in SYK and IRK but changes to Thr in BTK 
and to a much smaller residue, Ala. in LYN and HCK This Met902 residue in 
JAK3. which is located on the back wall of the pocket and protrudes in toward the 
center of the pocket volume, can significantly affect the shape of the binding pocket. 
At this location, the extended conformation of the Met902 side chain can hinder the 
close contact of inhibitors with residues lining the back wall of the pocket and with 
tiie hinge region, relative to other kinases with smaller residues here such as BTK 
(Thr) and HCK/LYN (Ala). Ala966 in region E is conserved in HCKA.YN but 
changes to Gly in IRK and to the more hydrophilic residue Ser in BTK and SYK. 
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Region F, which is farther away from the inhibitor location, is the least conserved 
region of the catalytic site and contains Asp912 in JAK3, Asn in BTK, Lys in SYK, 
Ser in IRK, and Asp in HCKA.YN (Figure 4). These residue identity differences 
between tyrosine kinases provide the basis for designing selective inhibitors of the 

JAK3 kinase domain. 

Structure-based Design and Synthesis of JAK3 Inhibitors. A 
computer docking procedure was used to predict how well potential inhibitors could 
fit into and bind to the catalytic site of J AK3 and result in kinase inhibition (Figure 
3B). The dimethoxyquinazoline compound WHI-P258 (4-(phenyl)-amino-6,7- 
dimethoxyquinazoline) contains two methoxy groups on the quinazoline moiety but 
no other ring substituents. Molecular modeling studies using the homology model 
of JAK3 kinase domain suggested that WHI-P258 would fit into the catalytic site of 
JAK3. but probably would not bind very tightly due to limited hydrogen bonding 
interactions. Asp967, a key residue in the catalytic site of JAK3. can form a 
hydrogen bond with molecules binding to the catalytic site, if such molecules 
contain a hydrogen bond donor group such as an OH group. WHI-P258, however, 
does not contain an OH group and therefore would not interact as favorably witii 
Asp967. We postulated that the presence of an OH group at the 4' position of the 
phenyl ring of WHI-P258 would result in stronger binding to J AK3 because of 
added interactions with Asp967. A series of dimetiioxyquinazoline compounds 
were designed and synthesized to test this hypothesis. 

An estimation of die molecular volume for the compounds is 

provided in Table 1. 

A summary of structural features of the designed 
dimethoxyquinazoline compounds which were observed to be relevant for binding 
to the catalytic site of J AK3 is shown in Figure 3C. The approximate molecular 
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volumes of the compounds in Table 1 range from 252A to 307 A, which are small 
enough to fit into the 530A^ binding site of JAK3 kinase. Table 1 also lists the 
results of molecular modeling studies including estimated binding constants (i.e., K; 
values) for the compounds which were docked into the JAK3 catalytic site. The 
compounds which were evaluated in docking studies contain substitutions of similar 
functional groups at different positions on the phenyl ring. 

The conformations of the energy-minimized docked models of the 
compounds listed in Table 1 were relatively planar, with dihedral angles of 
approximately 4-18° between the phenyl ring and quinazoline ring system. This 
conformation allows the molecule to fit more easily into the catalytic site of JAK3. 
All of the listed compounds contain a ring nitrogen (Nl), which can form a 
hydrogen bond with NH of Leu905 in the hinge region of JAK3. When Nl is 
protonated, the NH can instead interact with the carbonyl group in Uu905 of JAK3. 
The presence of an OH group at the 4' position on the phenyl ring was anticipated 
to be particularly important for binding to the catalytic site of JAK3. WHI-P131 
(estimated Ki=2.3 ^M), WHI-P154 (estimated Kpl.4 jiM), and WHI-P97 
(estimated Ki=0.6 nM) shown in Table 1 were predicted to have favorable binding 
to JAK3 and potent JAK3 inhibitory activity because they contain a 4' OH group on 
the phenyl ring which can form a hydrogen bond with Asp967 of JAK3, contributing 
to enhanced binding. However, the 2' OH group of WHI-P132 is not in the right 
orientation to interact with Asp967 and it probably would form an intramolecular 
hydrogen bond with the quinazoline ring nitrogen, which may contribute to a 
significantly lower affinity of WHI-P132 for the catalytic site of JAK3. The 
relatively large bromine substituents (WHI-P97. WHI-P154) can increase the 
molecular surface area in contact with binding site residues if the molecule can fit 
into the binding site. Modeling of WHI-P154 and WHI-P97 showed that there is 
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enough room to accommodate the bromine groups if the phenyl ring is tilted slightly 
relative to the fused ring group of the molecule. The results from the modeling 
studies prompted the hypothesis that WHI-P131. WHI-P1S4. and WHI-P97 would 
exhibit potent JAK3-inhibitory activity. In order to test this hypothesis and validate 
the predictive value of the described JAK3 homology model, we synthesized WHI- 
P131, WHI-P154, WHI-P97, and 5 other dimethoxyquinazoline compounds listed 
in Table 1. 

Inhibition of JAK3 by Rationally Designed Dimethoxy- 
quinazoline Compounds. We first used immune complex kinase assays to 
compare the effects of the synthesized dimethoxyquinazoline compounds on the 
enzymatic activity of human JAK3 inununoprecipitated from the KL2 EBV- 
transformed human lymphoblastoid B cell line. WHI-P131, WHI-P154. and WHI- 
P97, which had very similar estimated K; values ranging from 0.6 jiM to 2.3 |iM 
and were predicted to show significant JAK3 inhibitory activity at micromolar 
concentrations (which was not the case for the other compounds which had 
estimated IQ values ranging from 25 \iM to 72 pM), inhibited JAK3 in 
concentration-dependem fashion. The measured IC50 values were 9.1 \iU for WHI- 
P131, 11.0 mM for WHI-P97, and 27.9 jiM for WHI-P154. but >300 \iU for all the 
other dimethoxyquinazoline compounds (Table 1). WHI-P131 and WHI-P154 
were also tested against recombinant murine JAK3 expressed in a baculovirus 
vector expression system and inhibited JAK3 in a concentration-dependent fashion 
with an IC50 value of 23.2 jig/ml (~ 78 nM, Figure 5A) and 48. 1 jig/ml (-128 pM. 
Figure 5B), respectively. The ability of WHI-P131 and WHI.P154 to inhibit 
recombinant JAK3 was confirmed in 4 independent experiments. These kinase 
assay results are consistent with our modeling studies described above. 

Importantly, WHI-P131 and WHI-P154 did not exhibit any 

36 



detectable inhibitory activity against recombinant JAKl or JAK2 in immune 
complex kinase assays (Figure 5C and 5D). Electrophoretic Mobility Shift Assays 
(EMSAs) were also performed to confirm the JAK3 specificity of these 
dimethoxyquinazoline compounds by examining their effects on cytokine-induced 
STAT activation in 32Dcl 1/IL2RP cells. As shown in Figure 5E, both WHI-PISI 
(10 ng/ml = 33.6 MM) and WHI.P154 (10 pg/ml = 26.6 ^M) (but not the control 
compound WHI.P132. 10 ng/ml =33.6-nM) inhibited JAK3-dependent STAT 
activation after stimulation with IL-2, but theydidnotaffectJAKl/JAK2-dependent 

STAT activation after stimulation with II.3. Modeling studies suggest that this 
exquisite JAK3 specificity could in part be due to an alanine residue (Ala966) which 
is present in the catalytic site of JAK3 but changes to glycine in JAKl and J AK2. 
This alanine group which is positioned near the phenyl ring of the bound 
dimethoxyquinazoline compounds can provide greater hydrophobic contact with the 
phenyl group and thus can contribute to higher affinity relative to the smaller glycine 
residueinthisregionof the binding site in JAKl andJAK2. However, an accurate 
interpretation of these remarkable differences in sensitivity of JAK3 versus JAKl 
and JAK2 to WHI-131 and WHI-P154 will need to await the determination of the 
X-ray crystal structures of these kinases since simple amino acid discrepancies in 
their catalytic sites could result in pronounced structural differences. 

Specificity of WHI-P131 as a Tyrosine Kinase Inhibitor. 
Compound WHI-PISI was selected for further experiments designed to examine 
the sensitivity of non-Janus family protein tyrosine kinases to this novel 
dimethoxyquinazoline class of J AK3 inhibitors. The inhibitory activity of WHI- 
P131 against JAK3 was specific since it did not affect the enzymatic activity of 
other protein tyrosine kinases (Table 1. Figure 6), including the ZAP/S YK family 
tyrosine kinase SYK (Figure 6C), TEC family tyrosine kinase BTK (Figure 6D), 
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SRC family tyrosine kinase LYN (Figure 6E), and receptor family tyrosine kinase 
IRK (Figure 6F) even at concentrations as high as 350 |iM. 

A structural analysis of these PTKs was performed using the crystal 
structures of HCK (which served as a homology model for LYN) and IRK, and 
constructed homology models of JAK3, BTK, and SYK. This analysis revealed 
some nonconserved residues located in the catalytic binding site of the different 
tyrosine kinases which may contribute to the specificity of WHI-P131 (Figure 4). 
One such residue which is located closest to the docked inhibitors is Ala966 in 
JAK3 (shown in region E in Figure 4) which may provide the most favorable 
molecular surface contact with the hydrophobic phenyl ring of WHI-P131. The fact 
that WHI-P131 did not inhibit LYN, even though LYN contains the Ala residue 
conserved in JAK3 (Ala966). suggests that other factors (residue differences) 
contribute to this selectivity. Other nonconserved residues in the catalytic site of 
tyrosine kinases are shown in regions A to F (Figure 4). All of these differences in 
residues, especially residues which directly contact the bound inhibitor, may play an 
important role in the observed specificity of WHI.P131 for JAK3. 

Example 2 demonstrates that a novel homology model of the JAK3 
kinase domain can be used for structure-based design and synthesis of potent and 

specific inhibitors of JAK3. 

Finally, the homology model uniquely indicates that the active site of 
JAK3 measures approximately SA x 11 A x 20A with an approximate 530A' volume 
available for inhibitor binding. Our modeling studies using the constructed 
homology model of JAK3 kinase also showed that there is significant opportunity 
for improvement of the quinazoline inhibitors. The JAK3 model shows that there is 
additional volume in the ATP-binding site which can be better utilized by 
quinazoline derivatives. The average molecular volume of our 
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d,„=.hoxy,ui„azoH„. compounds is Hlk\ which is well beiow the esumated .o,a, 
volume of .he binding si.e. 530A'. This leaves opportunities for the design of new 
inhibitors which have slightly larger htnctional g«>ups at the T and 3' positions of 
the phenyl ring. StnJCtutal and chentical features of dimethoxyquinazoline - - 
compounds which are proposed to facilitate their binding ,o the Jalc3 catalytic site 
include the following features which are illustrated in Ftgure 3C: 1) The presence 
of a 4--0H group on me phenyl ring, 2) the presence of a hydrogen-bond acceptor 
(N, carbonyl, OH) near Uu905 NH, or a hydrogen-bond donor (NH. OH) near the 
UU905 carbonyl. 3) a relatively planar molecular shape to allow access to the 
binding site. 4) the ability to fit into a 530A' space defined b, the residues lining the 
,ak3 catalytic site. These binding pteterences to JAB residues in the 

catalytic site can be used for .he design of new and more potent inhibitor, of JAK3. 

The abi% of a compound .0 act as an anti-leukemic agent can be 
determined using assays that are known in the an. or can be determined using assays 
similar to those described in Example 3. 

Rxamole 3. Leukemia Assays 

The following cell lines were used in various biological assays: 
NALM-6 (pre-B-ALL). LC1;19 (Pre-B-AlX), DAUDI (B-AIX), RAMOS (B-AIX), 
MOLT-3 (T-ALL), HL60 (AML), BT-20 (breast cancer), M24-MET (melanoma), 
SQ20B (squamous cell carcinoma), and PC3 (prostate cancer). These cell lines were 
n^aintained in culture as previously reported (16. 17. 20, 24, 32, 33). Cells were 
seeded in 6-well tissue culture plates at a density of 50x 10* cells/well in a treatment 
„.edium containing various concentrations of compound 6 and incubated for 24-48 
hours at 37°C in a humidified 5% COz atmosphere. 
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To test the cytotoxicity of compound 6 against J AK-3 expressing 
human leukemia cells, leukemic cells were exposed to this JAK3 inhibitor and 
monitored for apoptosis-associated changes in mitochondrial membrane potential (A 
^m) and mitochondrial mass using specific fluorescent mitochondrial probes and 
multiparameter flow cytometry. To measure changes in A^'m. DilCl (which 
accumulates in energized mitochondria) was used, whereas the mitochondrial mass 
was determined by staining the cells with NAO. a fluorescent dye that binds to the 
mitochondrial inner membrane independent of energetic state. Treatment of 
NALM-6 leukemia cells with compound 6 at 7.4 ^g/ml (25 ^M) to 60 ng/ml (200 
HM) for 24 h or 48 h increased the number of depolarized mitochondria in a 
concentration- and time-dependent manner as determined by flow cytometry using 
DilCl (27-29) (Figure 7A). As shown in Figure 7A. the fraction of DilCl -negative 
cells with depolarized mitochondria increased from 1.3% in vehicle treated control 
cells to 81.6% in cells treated with 200nM compound 6 for 48 hours. The average 
EC50 values for compound 6 induced depolarization of mitochondria, as measured 
by decreased DilCl staining, were 79.3nM for a 24 hour treatment and 58.4nM for a 
48 hour treatment. The observed changes in A^m were not due to loss in 
mitochondrial mass, as confirmed by a virtually identical staining intensity of NAO 
in the treated and untreated NALM-6 cells (Figure 7B). To further confirm this 
relative change in A^m, we used JC-1, a mitochondrial dye, which normally exists 
in solution as a monomer emitting green fluorescence and assumes a dimeric 
configuration emitting red fluorescence in a reaction driven by mitochondrial 
transmembrane potential (Smiley. S. T.. et al., Proc. Natl. Acad. Sci. U. S. A. 88: 
3671-3675,1991). Thus, the use of JC-1 allows simultaneous analysis of 
mitochondrial mass (green fluorescence) and mitochondrial transmembrane 
potential (red/orange fluorescence). After treatment of NALM-6 cells with 
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compound 6 at increasing concentrations ranging from 25^M to 200nM and with 
increasing duration of exposure of 24 h or 48 h, we observed a progressive 
dissociation between ATm and mitochondrial mass, with decrement in JC-1 
red/orange fluorescence without a significant corresponding drop in JC-1 green 

fluorescence (Figure 7C&D). 

As shown in Figure 7C, the fraction of JC-1 red/orange 
fluorescence-negative cells decreased from 79.2% in vehicle-treated control cells to 
16.9% in cells treated with 200mM compound 6 for 48 hours. The corresponding 
values for JC-1 green fluorescence were 99.3% for vehicle-treated cells and 99.8% 
for compound 6-treated (200^M x 48 hours) cells. The average EQo values for 
compound 6 induced depolarization of mitochondria, as measured by decreased JC- 
1 red/orange fluorescence were 94.2^M for a 24 hour treatment and 50.4mM for a 48 
hour treatment. Figure 7D compares the single color (red/orange) fluorescent 
confocal images of vehicle-treated and compound 6-treated (100^lM x 48 hours) 
NALM-6 cells stained with JC-1 . These results collectively demonstrate that 
compound 6 causes a significant decrease in mitochondrial transmembrane potential 
in NALM-6 human leukemia cells. 

Apoptosis Assays 

Cells were examined for apoptotic changes after treatment with compound 6 by the 
,„ situ terminal dideoxynucleotidyl transferase-mediated dUTP end-labeling 
(TUNED assay using the ApopTag apoptosis detection kit (Oncor, Gaithersburg, 
MD) according to the manufacturer's recommendations, as detailed in our earlier 
reports (Zhu, D.-M., et al., Clin. Can. Res. 4: 2967-2976. 1998; D'Cruz. O.. P.. G., 
and Uckun, F. M. Biology of Reproduction. 58: 1515-1526, 1998). 

To detect apoptotic fragmentation of DNA, cells were harvested after 
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a 24 hour exposure at ZTC at 1 , 3. and/or 10 pM concentrations. DNA was 
prepared from Triton-X-100 lysates for analysis of fragmentation (21). In brief, 
cells were lysed in hypotonic lOmmol/LTris-HCl (pH7.4), 1 mmolA. EDTA. 0.2% 
Triton-X-100 detergent; and subsequently centrifuged at 11,000 g. Todetect 
apoptosis-associated DNA fragmentation, supematants were electrophoresed on a 
1 .2% agarose gel, and the DNA fragments were visualized by ultraviolet light after 

staining with ethidium bromide. 

To confirm that compound 6 can induce apoptosis in leukemia cells, 
the TdT-mediated labeling of 3'-0H termini with digoxigenin-conjugated UTP 
using the in situ TUNEL assay method combined with confocal laser scanning 
microscopy was employed. At 48 hours after treatment with compound 6 at 
concentrations ranging from lOpM to 500,M, NALM-6 cells were examined for 
digoxigenin-dUTP incorporation using FTTC^onjugated anti-digoxigenin (green 
fluorescence) and propidium iodide counterstaining (red fluorescence). The 
percentage of apoptotic cells increased in a concentration-dependent fashion with an 
average EQo value of 84.6,M (Figure 8A). Figure 8B.1 and 8B.2 depict the two- 
color confocal microscopy images of vehicle-treated control cells and cells treated 
with IOOmM compound 6. Compound 6-treated cells showed apoptotic yellow 
nuclei (= superimposed green and red fluorescence) (Figure 8B.2). Further 
evidence for apoptosis was observed in DNA fragmentation assays. Because of their 
exquisite sensitivity in detecting DNA fragments released from a small percentage 
of apoptotic cells, the DNA gel assays of apoptosis are uniquely suited to examine 
the nonspecific toxicity of new antileukemic agents. 

Figure 9A demonstrates that supematants from NALM-6 leukemia 
cells, treated with IjiM or S^M COMPOUND 6. contained oligonucleosome-length 
DNA fragments with a "ladder-like" fragmentation pattern consistent with 
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ap„p.osis, whereas -o DN A fragment w.re <i«ec.e<i in supema-an.^ of N ALM-S 
cells treated wi* stmcurally similar dimethoxyquinazoline compounds wh.ch 
lack^ ,AK3 inhibitory activity. Unlike ,AK3-posi.ive leukemia cells (NALM-6 
cells in Figure 9A and LC1;19 cells in Ftgure 9B), IAK3 negative SQ20B 
squamous carcinoma cells and M24-MET metaoma cells did not sBow any 
evidence of apoptotic DNA fragmentation after treatmem with compound 6 (Ftgure 

Taken together, these results provided experimental evidence that the 
, AK3 specifc ty^sine kinase inhibitor compound 6 results in depolari^Uon of the 
^.ochondrial membrane and triggers apoptoUc death in human B-lineage ALL 
cells as evidenced by d,e ladder-like fragmentation pattern of nuclear DNA and 
digoxigenin-1 l-UTP labeling of me exposed 3'-hydroxyl end of Ute fragmented 
nuclear DNA in the presence of TdT. 



Clonogenic Assays 

m antileukemic activity of compound 6 against clonogenic tumor cells was 
exanuned using a methylcellulose colony assay system (Uckun. F. M.. et al., J. Exp. 
Med. 163: 347-368, 1986; Messinger, Y., et al.. Clin Cancer Res. 4: 165-70, 1998). 
In brief, cells (iC/ml in RPMI-10% FES) were treated overnight at 37-C with 
compound 6 at varying concentrations. After ueatment. cells were washed twice, 
plated at 10' or lO* cells/ml in RPMI-10% FMS^.9% methylcellulose m Petn 
dishes, and cultured for 7 days at 37»C in a humidified 5% CO. incubator. 
Subsequently,le»kemiccell(or tumor cell) colonies wereenumerated using an 

inverted phase<o„trast mic,os«>pe. W percent inhibition otcolony formation was 
calculated using the following formula: 

^tohibition = I - nmJMberofcQlonmi^^ « '00 
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mean number of colonies in coSfPol culture 
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The antileukemic activity of compound 6 »as measured by 
detennining its ability to inhibit the in n,ro clonogenic gm^vth of the ALL cel. lines 
NALM-6, DAUDI, LCI; 19. RAMOS, MOLT-3. and the AML cell line HL^. As 
detailed in Table 1, compound 6 inhibited clonogenic growth in a concentration- 
dependent fashion wim EQ„ values of 24.4,M for NAM-6 cells and 18.8pM for 
DAUDI cells. At IOOmM, compound 6 inhibited the in vUro colony formation by 
these leukemia cell lines by >99%. In contrast, compound 6 did not inhibit the 
clonogenic growth of IAK3-negative M24-MET melanoma or SQ20B squamous 
carcinoma cell lines 
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. TableL_Effectso^^ 

(6) 
Concn. (i 

NALM-6 (pre-B ALL) 



Experiment 
Number 



Cell Lines* 



10 



100 



_1_ 

_3_ 
10 
30 



|_0_ 
1 30 



I Mean No. of 
rnlnnies/10^ Cells 
?R9Q (2660. 3120) 
9970 (2756.3184) 

I 3180 (3080.3136) 
1Q32 (1864. 2000) 



>99.9 



Mean No. of 


% 


-r.olonies/10^ Cells 


Inhibition 


1 2676(2712.2640) 


N.A. 


N.D. 


N.D. 


N.D. 


N.D. 


T3298 (2940. 3656) 


0 


1 2190(1632.2748) 


18.2 



DAUDICB-ALL) 



Mean No. of 

rnlonies/10^ Cells 
I 3950 (3100.4800) 
1 2030(1700.2360) 



I 2136(1568.2704) 
1406(988. 1824 
1149(1054. 1244) 
29(12.46) 



M24-MET (Melanoma) 



I Mean No. of 



Inhibition Colonies/lO^ Cells 



N.A. 
48.6 



177 (120. 235) 
1 312(238. 386) 



287 (157. 418) 
390 (280. 500) 
301 (249. 353) 
599(534.664) 



% 

Inhibition 
N.A. 



0 



1, AMOS m.ALL) (Squamous Carcinomaj 



1 Mean No. of 
rnlnnies/lO^ Cells 
1286 (1164. 1408) 



2(0.4] 

I MnLT-3 (T-ALL) 
Mean No. of 
I rnlnnies/10^ Cells 



% I Mean No. of 

Inhibition Cftlnnies/lO^ Cells 
MA 1 754(452.1056) 



Inhibition 
N.A. 



0 



1322(1252.1392) 
1 (1. 1) 



QQ R I 838 (600. 1076 

HL-60 (aml; 
Mean No. of 
Inhibition 1 CnloniesAO^ Cells 



11854(1648.2060) 
>99.9 I 1 (1. 1) 



Inhibition 



N.A. 
>99.9 



•Cells were treated with COMPOUND 6 and then assayed tor colony formaUon as 
described in Methods. N. A. = no. applicable, N. D. = not de«rn«ned 
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A (, u/a<: shown to inhibit JAK3, but not 
In other studies, compound 6 was snown lo 

• 1 ^-^^TAK? SYK BTK. LYN, and IRK. ALL 
other protein tyro^m. kinases, mcludmgJAK2,SYK,B 

eens express IAK2. Simiiarly, *e Src f3n,iiy PTK LW. Zap/Syic famUy PTK SXK, 

proiiferation, and survival (Vassilev, A., e, a.., . Biol C^-. 274: >646.,656, 
Uckun, F. M..e, ai.. Sci^e. 267: 886-91, 1995; Kristupaitis, D., e. a.., / 
ae.. 275 (/5,: 9. .9.9.23, 1998; and Xiao, J., e. a,., J. BioL CH... 27,: 
,«9.M 1996). mKismeon.ymemberofmerecep.orPTKfamiiy.ha.hasbeen 
ae.ec.ea'in.e„ke,„icce,,s,especia,.ypr.BAIXce..switHa,(.;.9).rans,ocation 

(41^3) Since compound 6 does not inhibit these tyrosine Unases, its ability to W. 
ALLcel.scan„otbeattribmed.oanonspecif,cinhibitionofJAK2.LYN,SYK, 

BTK or IRK in these ce«s (Kaplan. O. C e. al.. BiocHen,. Biopsy. Kes. Co^- 
„,is>: 1275-82, 1989; Ncwntan, D.. e, al., ,n. J. Cancer. 50i3>: 500-4. 1992; 

Bln,..a„dZic.V.,B^..«.p..-«— 

The above shows that a representative J AK-3 inhibitor of formula 

(Compound 6) is a useful therapeuUc agent for treating acute .ymphob.astic 
leukemic and demonstrates that compound 6 triggers apoptosis in leukemia cells. 
T^us. potent and specific inhibitors of ,AK3, such as dimethoxyquinazolines of 

formula I are useft.1 for treating acute lymphoblasUc leukemic which is the most 

common form of childhood cancer. 

The ability of a compound to prevem or treat skin cancer can be 
aeterminedusingassaysthatarek„ownin.heart,or can bedetermlnedusing assays 

similar to those described in Example 4. 
F.Yam ple4._S kin Cancer Assays 
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Female, 6-7 weeks old. hairless albino mice (skh-1) were purchased 
from Charles River Laboratories (Wilmington, MA) and were housed in a controlled 
environment (12-h ligh./12-h dark photo period. 22±rC, «)±10% relative humidity), 
which is fully accredited by the USDA (Umted States Department of Agriculture). 
Animals were caged in groups of five in a pathogen free environment in accordance 
with the mles and tegulations of U. S. Animal Welfare Act, and National Institutes of 
Health (NIH). All mice were housed in microisolator cages (Ub Products, Inc., NI) 
containing autoclaved bedding. TKe mice were allowed fiee access to autoclaved pellet 
food and tap water throughout the experiments. Animal care and the experimental 
procedu,^ were carried out in agreement with institaUonal guidelines. 

Buffered formalin phosphate (10%) was obtained from Rsher scientific 
(Springfield, NI). Dimemyl sulfoxide (DMSO) and Phosphate buffers) saline (PBS) 

were purchased from Sigma (St. Louis, MO). 

Ultraviolet lamps (8-FSX24T12fflO/UVB) that emit light predominandy 
in the UVB range (280 - 320 nm) were obtained from National Biological Corpomdon, 
Twinsburg, OH. The irradiance of the UVB lamps was determined before each 
irradiation, using a UVB meter (model - 500C obtained from National Biological 
corporation, Twinsburg, OH). For exposu« to UV light, tee mice were placed in an 
open 28 cm X 10 cm plastic box that was divided in three compartments (one mot^e per 
compartment). The plastic box was placed in the center, under the baric of UVB light, 
and the mice we,* irradiated with 35 mj/cm' do» of UVB. The exposure time for a 35 
mj W dose of UVB varied from 30 - 34 s. Tl« distance betweeh UVB lamps and the 

surface receiving irradiation was 20 cm. 

Tumorlgeneste Protocol: Mice were divided into three groups 
containing 5-14 mice per group as shown in Table 1. The mice were treated topically 
with a single application of Compound * (1 .0 mg/cm^ dissolved in DMSO) over a 2 
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cm' area on the dorsal surface before each UVB exposure. After 15 min. following 
Compound 6 application the mice were irradiated with UVB (35 mj/cm'). UVB 
exposure of mice was performed three times a week for a total of 20 weeks. Control 
mice were treated with vehicle prior to UVB light exposure. 

Table 1: Experimental Design and Treatment Regimen 



Group 


No. of Mice 


Treatment 


UVB 
(35 mj/cm^) 


A 


5 


Vehicle 




B 


10 


Vehicle 


+ 


C 


14 


Compound 6 (1 mg/cm^) 


+ 



The skin thickness of mice, and papillary skin lesions greater than 1 
mm in diameter were measured and recorded twice every week and the average of 
the two measurements was used in the calculations. Skin thickness, lesion number 
and lesion diameter measurements were limited only to the 2 cm' area on the dorsal 
surface of mice that was being treated either with compound 6 or vehicle. Lesion 
volume were calculated using the formula: 



Volume = 4/37cr 



At the end of the study, 5 - 19 lesions from each group were randomly biopsied, and 
fixed in 10% buffered formalin. Formalin-fixed specimens were embedded in paraffin 
blocks, sectioned at 4 ^m thickness, and stained in haematoxylin-eosin. The 
pathological evaluation of skin sections was performed by a Certified Veterinary 
Pathologist who was unaware of the identity of specimens. 
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Pathological classification of tumors: The pathological classification 
of tumors was as follows: 1) Cutaneous papilloma: a tumor papillomatous growth of 
acanthotic epidermis without invasive growth of tumor cells into the dermis. Tumor 
cells do not appear atypical. 2) Actinic keratosis: a hyperplastic, orthokeratotic, mildly 
to moderately acanthotic epithelium. 3) Florid actinic keratosis: actiSic keratosis with 
mild to moderately acanthotic ridges extending into the superficial dermis, resembling 
superficially invasive squamous cell carcinoma. 4) Keratoacanthoma: a papillary 
growth with a central keratin filled crater surrounded by hyperplastic, acanthotic 
stratified squamous epithelium. The leading edge of the tumor pushes into the 
underlying dermis. 5) Squamous cell carcinoma (SCC): a tumor with atypical cell 
nests invading into superficial and mid dermis. 

Results for Example 4. 

Sunburn is a UV induced inflammatory reaction that is characterized 
by cutaneous vasodilatation (erythema), and an increase in vascular permeability ' 
with exudation of fluid (edema) in the affected skin. The UVB-induced increase in 
plasma exudation can be detected as an increase in skinfold thickness at 24 h 
following irradiation (Berg, R. J., et al., 199^, J Invest Dermatol 110:405-9). 
Exposure of mice to UVB light (group B) induced an increase in skinfold thickness 
as compared to the skin thickness of control group mice (Figure 10). In the 
compound 6 treated group (group C) there was. an increase in skin thickness as 
compared to the control (group A); however, the increase in skin thickness was 
significantly less as compared to UVB-irradiated and vehicle-treated group of mice 
indicating the anti-inflammatory effect of compound 6. Since the mice were 
irradiated chronically three times a week, a sustained increase in skin edema was 
observed during the course of the study in UVB-irradiated mice (groups B & C). 
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However, at any given time point the increase in skin edema was partially inhibited 
by compound 6 in the drug treated mice. 

Chronic exposure of skin to UVB radiations primarily leads to the 
development of fine skin lesions that can grow both in number as well as size with 
further exposures to such radiations. As shown in Figure 11. the chronic UVB 
exposure of mice induced the appearance of fine lesions in the affected skin that first 
appeared around 10 weeks of irradiation in the vehicle-treated and UVB -irradiated 
group of mice (group B). The total number of skin lesions increased exponentially with 
increasing numbers of UVB-exposure in the UVB-irradiated group of mice (group B). 
However, in COMPOUND 6-treated mice (group C), the onset of lesions was delayed; 
the first lesion was observed after 14 weeks of UVB-irradiation. Although the average 
number of lesions per mouse in this group also increased with increasing numbers of 
UVB exposures as in group B, at any given time point, the average number of lesions 
per mouse was always less as compared to its untreated control (group B). 

This data indicate that application of compound 6 prior to UV exposure 
(a) delays die onset of tumor from 10 weeks of UVB treatment (group B) to 14 weeks, 
and (b) it inhibits the total number of lesions resulting from repeated UVB exposure. 

Following the first appearance around 10-14 weeks of UVB irradiation, 
the skin lesions increased both in total number as well as in size with increasing number 
of UVB exposures. In order to compare the size of skin lesions, lesion diameter was 
converted to lesion volume using the formula described in Materials and Methods, and 
average lesion volume per mouse was compared. Figure 12 shows die effect of 
compound 6 treatment on average lesion volume per mouse. It is observed from the 
figure that the average lesion volume increased with time in both of the UVB-inadiated 
groups of mice (groups B & C) but compound 6 treatment of mice inhibited the 
increase in lesion volume (group C, Figure 12 and Table 2). In addition, we also 
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compared the average volume per lesion in compound 6-treated and -untreated groups 
of mice after 20 weeks of irradiation. As observed before, with average skin lesion 
volume per mouse, the average volume per lesion was also inhibited by compound 6 
treatment (Table 2). 

Table 2: Inhibitory effect of topical adnunistration of Compound 6 on UVB- 
induced tumorigenesis in skh-1 mice 

Group No of mice No. of lesions / Skin lesion volume Avg.Vol/ 
mouse /mouse lesion 

-5 0 0 g — 



B 10 



4.2±1.6 10.6±4.3 2.5±0.5 



14 



1.6±0.4 3.2±0.9* l-9±0.5 



Female skh-1 mice (7-8 weeks old) were treated topically either with compound 6 (1 mg/cm ) or vehicle 
before each UVB irradiation (Irradiation Dose: 35 mj/cm^). The mice were exposed to UVB three times 
a week for 20 weeks. The data represent the meanlSEM from 5-14 mice at 20 weeks. * P < 0.05 as 
compared to vehicle treated conUol. 

Morphological and Histopathological Data. The morphological 
appearance of mouse skin after 20 weeks of irradiation from all three groups of mice 
has been compared. The figure 13 shows that repeated exposure with UVB light 
induced the growth of a number of lesions on the affected skin (Figure 13, Panel B) 
whereas treatment with compound 6 inhibited the growth of such lesions. 

Histopathological findings of skin biopsies in mice after 20 weeks of 
UVB irradiation are presented in Table 3. 

Table 3: Inhibitory effect of topical administration of Compound 6 on UVB- 
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induced keratoacanthoma and squamous cell carcinomas in skh-1 mice 



Group 


No of 


Percentage 
of inice 
H'ith 


Percentage 
of mice 
with 


Percentage 
of mice 
with 


Percentage of 
mice with SCC / 
Florid actinic 






Aclinic 


Keratoaca- 


Papilloma 


keratosis 






keratosis 


nthomas 






A 


5 


0 


0 


0 


0 


B 


10 


60 


10 


10 


80 


C 


14 


53 


- 0 


7 


57 

.2. 



Female skh-l mice (, /-8 weens oiu; wcic u»ii«j vv,k'»~»'j -r , « - 

before each UVB irradiation (Iiradiauon Dose: 35 mj/cm^. Tlie mice were exposed to UVB three times 
a week for 20 weeks. The data represent the percentage of total no. of mice per group at 20 weeks. 

A mild to moderate dermatitis was observed in all three groups including 

the unirradiated group of mice (group A) which could be induced by topical application 

of the vehicle (DMSO) three times a week during the course of the study. Actinic 

keratosis, which represents a hyperplastic and mild to moderately acanthotic epidermis, 

was present in most of the biopsies from both of the UVB irradiated groups (groups B 

&C). A single lesion of keratoacanthoma was observed in the UVB-irradiated and 

vehicle treated group of mice (group B). No such lesion was observed in any of the 14 

mice in compound 6 treated group (group C). The occurrence of superficially invasive 

squamous cell carcinoma (Horid actinic keratosis and a precursor to SCC) and SCC 

was noted in both of the UVB irradiated groups (Group B &C), but in COMPOUND 

6 treated mice (group C) it was inhibited by about 23% (Table 3). Similarly, the 

incidence of cutaneous papilloma was also partially inhibited by compound 6. 

The results of Example 4 indicate that the topical application of 

compound 6 prior to UV irradiation protects skin from the harmful consequences of 

skin cancer in chronic exposure. Specifically, a topical application of compound 6 on 

skin before UVB light exposure markedly inhibited the formation of skin lesions, 

decreased tumor size and inhibited the development of tumors in skh-1 mice. 
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Extensive documentation has validated the role of UVB radiations in skin tumor 
formation (Devary. Y., et al.. 1992. Cell 71:1081-91; l^y, R. D.. et al., 1989. 
Photochem Photobiol 50:1-5; Hall. E. J., et al.. 1988. Am J Clin Oncol 11:220-52; and 
Marks. R. 1995, Cancer 75:607-12). UVB-irradiation of skin cells triggers the release 
of increased amounts of arachidonic acid and its metabolites (Konger. R. L., et al., 
1998. Biochim Biophys Acta 1401:221-34. (12-15). Prostaglandins, which are the 
oxygenation product of arachidonic add, are produced abundantly following UVB 
irradiation of skin cells (Hawk, J. L. M.. and J. A. Parrish. 1993. Responses of Normal 
Skin to Ultraviolet Radiations. Plenum Medical Book Publishers, New York; Hruza, 
L. L., and A. P. Pentland. 1993. J Invest Dermatol 100:353-415; Kang-Rotondo, et al.. 
1993, Am J Physiol 264:C396-401; and Grewe, M.. U. et al.. 1993. 7 Invest Dermatol 
101:528-31) and have been implicated in various models for tumorigenesis 
(Vanderveen, E. E., et al., 1986. Arch Dermatol 122:407-12; Cerutti. P. A., and B. F. 
Trump. 1991. Cancer Cells 3:1-7). Evidences also indicate that in addition to 
stimulating tumor growth, prostaglandins have a tendency to suppress hosts' immune 
surveillance (Plescia. O. J., et al.. 1975. Proc Natl Acad Sci U S A 72:1848-51; 
Goodwin, J. S. 1984. Am J Med 77:7-15 and thus, assist in tumor promotion. Elevated 
levels of PGE2 have been observed in squamous and basal cell carcinomas of skin and 
may be correlated with the increased metastatic activity and invasive behavior 
(Vanderveen, E. E.. et al.. 1986. Arch Dermatol 122:407-12; Klapan. I., V. et al.. 1992. 
J Cancer Res Clin Oncol 118:308-13 of these tumors. Various chemical compounds 
which inhibit the production of prostaglandins have been observed to inhibit the growth 
of tumors (Snyderman. C. H.. et al.. 1995. Arch Otolaryngol Head Neck Surg 
121:1017-20; Hial. V.. et al.. 1976. Eur J Pharmacol 37:367-76; Lynch, N. R., et al.. 

1978. Br J Cancer 38:503-12. 

The ability of compound 6 to inhibit the UVB induced skin 
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tumorigenesis combined with our previous observations that it inhibits acute skin 
inflammation indicate that compound 6 is a useful chemopreventive agent against some 
forms of human cancers induced by environmental agents, such as ultraviolet light. 

The ability of a compound to prevent or treat skin cancer can be 
determined using assays that are known in the art. or can be determined using assays 
similar to those described in Example 5. 

Example 5 . UVB-Induced Skin Carcinogenesis Assays 

Compound 6 is able to significantly inhibit the UVB light induced 
inflammatory mediator release in epidermal cells and thus it prevents the inflammatory 

responses of UVB exposed skin. 

Female, 6-7 weeks old, hairless albino mice (skh-1) were purchased 
from Charles River Laboratories (Wilmington, MA). The transgenic BigBlue mice 
carrying multiple copies of the BigBlue (UZ shuttle vector which contains substrate for 
detection of mutations in vivo were obtained from Stratagene (La Jolla. CA). Mice 
were caged in groups of five in a pathogen free environment in accordance with the 
rules and regulations of U. S. Animal Welfare Act, and National Institutes of Health 
(NIH). Animal care and the experimental procedures were carried out in agreement 

with institutional guidelines. 

HaCaT, which is a spontaneously transformed human epidermal cell line 
(16) was maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum (Summit Biotech, Ft. Collins. CO). 

A bank of 8-FSX24T12/HO/UVB lamps (National Biological 
Corporation, Twinsburg, OH) that emits light predominantly in the UVB range, 280 - 
320 nm was used to irradiate mice and cell cultures. The irtadiance of UVB lamps was 
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always measured before irradia.io„ using a UVB me.er (model - 500C obtained from 
Nauonal Biological Corporadon. Twinsburg, OH). The dose of UVB ligh. used to 
inadiate cultures was 25 mj W. Anesthetic mice received UVB radiations to a 2.0 
cm' area on their dorsal surface. This area was painted either with the test compound 
(1.5 mg/cm') in dntg receiving mice, or with vehicle in control mice f.fteen minutes 
before irradiaUon. Tlte distance between UVB lamps and surface receiving irradiation 
was 20 cm. The flnal radiation dose received by skh-l hairless mice was 250 mjW 
which is approximately seven times higher than flte minimal erythema dose (MED) (17) 
in these mice. BigBlue mice were shaved on their b^k before irradiation and then 
exposed to 400 mj/cm' UVB light either in die presence or absence of compound 6. 

Prostaglandin Assay. Confluent HaCaT cells cultured in 24-well 
culture dishes were washed three times with serum-free DMEM contiuning 1% 
bovine serum albumin (BSA) (Cayman chemicals, Ann Arbor, MI) and incubated 
witi, 3 - 30 MM compound compound 6 for 1 hour at 37 -C. After incubation d>e 
cells were washed twice with PBS, and either exposed to 25 mj/cm'UVB light or 
stimulated with 50 ng/ml rhEGF, and fed with serum-free DMEM containing 1% 
BSA. compound 6 was readministered and the cells were incubated for 6 h at 37 "C. 
At 6 h following stimulation dte cell supernatant was collected and PGE, released 
in cell supematants was measured by a competitive EIA using an acetylcholine 
esterase-PGE. tracer and anti-PGE, antibody supplied with the BUS A kit (Cayman 
chemicals, Ann Arbor, MI). Cellular protein was determined using the Pietce's 
BCA protein assay metitod (Smith, P. K., et al.. 1985. Anal Biochem. 150 (1):76- 
85). 

Compound 6 was initially dissolved in dimetttyl sulfoxide (DMSO) 
(Sigma. St. Louis. MO) at a concentration of 10 mg/ml and diluted to 1 mg/ml 
concentration with Phosphate buffer saline (PBS) before injection. The mice were 
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treated daily with 16 mg/kg i.p- bolus injection of compound 6 from day -2 (i. e. 2 days 
prior to UVB exposure) until the termination of the experiment. Drug receiving mice 
were also painted with 1.5 mg/cm^ of Compound 6. 15 min before irradiation. The 
control mice received vehicle alone. 

One of the major arachidonic acid metabolite in Ultraviolet light B- 
irradiated keratinocytes is prostaglandin E2 which can be detected as early as 6 h, 
peaks between 24 - 48 h following UVB exposure, and induces edema and erythema 
in skin (Gilchrest, B. A., et al.. 1981, J Am Acad Dermatol. 5 (4):41 1-22; Konger 
R L et al.. 1998. Biochim. et Biophys. Acta (1401):221-34; Woodward. D. F., et 
al., 1981. Agents Actions. 11 (6-7):71i:7; Snyder, D. S., and W. H. Eaglstein. 1974. 
Br J Dermatol. 90 (l):91-93; Snyder. D. S., and W. Eaglstein. 1974. J Invest 
Dermatol. 62:47-50; and Gupta, N., and L. Uvy. 1973. Br J Pharmacol. 47 (2):240- 
8) We determined the effect of compound Compound 6 on PGE. release in UVB 
irradiated epidermal cells. The human epidermal cells, HaCaT. were exposed to 
UVB light and incubated both in the presence or absence of Compound 6 and 
cumulative PGE^ released in cell supematants during 6 h incubation was 
determined. Analysis of PGE^ release (Figure 14) showed that an exposure of 
HaCaTs to 25 mj/cm^ UVB induced about eleven (1 1.1 1 ( 4.23) fold increase in 
PGEz level at 6 h post irradiation as compared to non-UVB irradiated control. The 
UVB light induced prostaglandin release was inhibited by Compound 6 in a 
concentration dependent manner and about 90% inhibition in prostaglandin release 
was observed at 30 jiM dose of Compound 6. This data indicated that Compound 6 
is able to inhibit prostaglandin E^ release in UVB light-stimulated epidermal cells. 

Primary human keratinocytes as well as HaCaTs express significantly 
high number of functional EGF-receptors on their cell surface 0- Upon stimulation 
the EGF-receptors present on the epidermal cells participate in transmembrane 
signaling and induce the formation of prostaglandins. To determine that the 
previously observed inhibition in prostaglandin release by Compound 6 was due to 
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the inhibition of EGF-R activation, we studied the effect of Compound 6 on EGF- 
stimulated prostaglandin formation in epidermal cells. Stimulation of the HaCaT 
cells with 50 ng/ml rhEGF for 6 h induced about 4 fold increase in prostaglandm 
release over unstimulated control. (Figure 15) and the observed increase in 
prostaglandin release was inhibited in the presence of 30 Compound 6. 
indicating that (i) epidermal growth factor receptors mediate prostaglandin 
formation in epidermal cells, and (ii) Compound 6 inhibits the prostaglandin release 
in UVB light stimulated cells through the inhibition of EGF-R activation. 

Morphology and Skin edema measurement. Morphological 
appearance of the UVB irradiated skin was monitored visually and compared with 
the control mice skin. Skinfold thickness of the dorsal surface of the mice was 
recorded before, and everyday after UVB exposure for five days with a digital 
thickness gauge (Mitutoyo, So. Plainfield. NJ) which measures thickness in 0-10 

mm range with an accuracy of 0.015 mm. 

As mentioned earlier. Prostaglandin E^ is a potent inflammatory 
mediator and is well known to induce vasodilation and potentate edema in skin 
following injury. Since our m vfrro study using epidermal cells showed that compound 
Compound 6 inhibits the release of PGE, in UVB stimulated cells, we were interested 
to determine if Compound 6 is able to inhibit the harmful infiammatory responses of 
skin following UVB light exposure in vivo. For these studies we used female, hairless, 
albino skh- 1 mice and exposed their dorsal surface with 250 mj/cm^ UVB light. The 
skinfold thickness of the dorsal surface of the mice was determined asameasurement 

of skin edema from day 1 through day 5 following irradiation. Figure 16 shows that 
a single exposure of mice to 250 mj/cm^ UVB induced a time dependent increase in 
skinfold thickness. Compound 6 was not able to effectively inhibit the skin edema at 
24 h post irradiation. However, it blocked further increase in skin thickness by 48 h 
post-UVB exposure in irradiated group of mice. In contrast, the skin thickness 
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i„creased .0 abou. 70* of .he control mice skin .hickness a. ,he san,e ume po.n,. A, 
„Hpos,i— .asignifican, decease in skinedemawasobservedin compound* 

^ed mice-and by day five pos. i^diaCion, d» skinfold sickness in d^g »ea«d nuce 

increased .o a .oul of 2.5 foW of con.ro, nrice skin tekness over five day penod. 
Similar resuUs were obuined with P131 d,ssolved in polye*ylene glycol-200 (PEG- 
ZOO) (dau no. Shown,, mse observations indicted ma. Compound 6 is able .o inhib,. 

UVB light-induced skin edema in mice. 

We also monilored fte morphological changes in skin appearance 
following UVB light exposure in Compound 6 uea«d and vehicle .reared groups of 
Sunbun, damage .o ti,e skin in firs. 24 - 48 h following UVB exposure was 

visible as an ••e.ephan. skin" appearance of .he skin surface. Ue UVB ligh. i,«dia.ed 
skinofmiceappearedpinkincolor..eati,e„andU,ick.Onday.a„dday2following 

Ure induction of i„flanu„a.ion, no significan. difference was noted in skin appearance 
of dnrg tieared and vehicle treated groups of mice. However, in UVB irradiated, 
vehicle treated mice, starting at day 3 many flakes of desquamating skin could be seen 
peeling off ,he skin surface and by day 5 tire skin of tiris group of mice had become 
„ugh, learner,, and had developed scars on the surface. In contrast in Compound 6 
^group,d,eskinappearanceofmi«improvedfollowingday3ar,dbyday5pos.- 

^, the signs of skin inf.amma.ion had diminished and the skin appearance 
resembled to that of contiol group mice (Fig. 18). 

UVB light-induced histological changes of tire skin were also surdied. 
Thenormalepidermis.ypica.lyhasa2-3ceU layer andconuimscatieredinflamm^ory 

. , /T^- ^10A^ Thf-TTVB-irradiated skin showed 
cells especially around hair follicles (Figure WA). The UVB irrao 

Urickened epidermis wiO, 3-5 cel. layers. Urge number of neut^phils were also 
cumulated in the dermis (Bgur. .«). In contrast, *e skin of mice uea«d wr* 
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compound 6 looked very much .*e ,be skin of unirradiated controls (Figure 19C). 
„iU, ,-2 cell layers of epidermis and normal dermis. Thus, Compound 6 prevented 
development of edema and neutrophrl influx in UVB irradiated sWn of mtce. 

Vascular permeability. Vascular permeability was quanutafvely 
assayed by leakage from vessels of an albumin bound anionic dye. Evans blue 
(Sigma, St. Louis. MO). Evans blue (1%. 200 (1/mouse) was injected via the tarl 
vein 4 h later the mice we,* killed and the dorsal irradiated skin was biopsied. 
From the biopsies the dye was exuacted in formamide (Sigma. St U>uis. MO) by 
wanning the samples at 80 "C for 2 h and the optical absorbance of the formamrde 

was measured a^ 620 nm^^^ is associated with increased plasma exudation, we 
determined theeffectofCom^und6o„UVB induced skin vascularpermeability. The 

data on vascular permeability changes following the UVB irradiation has been 
presentedinFigarelT. consistent with the Skin edemafmdingsthere was an increase 

Lvascularpenneabi,ityof.heskininUVBirradiatedmice.meffecto,Cor^P«nd6 

was minimal at 24 and 48 h post irradiation. However, at day 5 post-UVB. m 
Compou„d6trea.ed group the vascular penueability was back to control level whe,^ 

a flve fold increase in vascular permeability was observed in UVB exposed, vehtcle 

treated group of mice. 

Sun bum cdl slaimng and histological studies. After the mrce 

were killed by cervical dislocation, the skin was temoved and spread on a sheet of 
dentalwax. One punch (8 mm) was taken and fixed in buffered formalin. 4-5^ 

.hick sections were cu, from parafl-m blocks. Sunburn cell staining was done ustng 
ApopTag Plus Detection kit(Oncor.Gaithersburg,MD)which detects 

sunburn cells by dir^t fluorescence of digoxigenin-labelled genomic DN A Bnefly. 
tire residues of digoxigenin-nudeotides were catalytically added to 3'-OH ends of 
double or single suanded DNA in presence of terminal deoxynucleotidyl transferase 
enzyme and tfte bound nucleotides were detected using anti-digoxigenin antibody 

59 



conjugated with fluorescein. 

To study the histological changes following irradiation the tissue 
sections were stained with hematoxylin and eosin and the stained slides were 

examined microscopically. 

An acute exposure to UVB light induces sunburn in skin cells. The 
presence of sunburn cells in UVB-irradiated mice skin was detected using In Situ 
apoptosis detection kit as stated earlier. A significant number of sunburnt cells (Figure 
20) were observed in the skin of UVB-irradiated mice at 48 h after light exposure. In 
contrast, in Compound 6 treated mice significantly less or no sunburnt cells were 
observed at the same time point. Thus, the data suggest that Compound 6 inhibits the 
UVB induced cell death in mouse skin. 

The ability of a compound to prevent or treat transplant 
complications can be determined using assays that are known in the art, or can be 
determined using assays similar to those described in Example 6. 

Rxamole 6 . Transplant Complications 

Proliferation assays. Splenocytes (4 x 10^/100 ^il) from9-wk-old 
C57BL6 males were used as responders in phytohemagglutinin (PHA)- and 
concanavalin A (Con A)-induced proliferation assays. The cells were applied in 
triplicates per group to a 96-well microplate in a final volume of 200 ^ of RPMI 
1640 medium, supplemented by 10% fetal calf serum. PHA or Con A (Sigma, St. 
Louis MO) were added in the concentration of 5 or 2 jig/ml. respectively. 
Compound6wasaddedintheconcentrationof0.1,U0and 50^tg/ml. Cells were 
culmred in 5% C02 with humidified air in an incubator at 37 °C for 3 days. Then, 
a colorimetric assay for the quantification of cell proliferation, based on the cleavage 
of the tetrazolium salt WST-1 by mitochondrial dehydrogenases in viable cells 
(Boehringer Mannheim. Indianapolis. IN), was performed following manufacturer's 
instructions. The absorbance was measured at 450/690 nm on a Multiskan MS 
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..cropla. scanner. The value of ceU proUferation was obtained by di..n.shi^ 
:;va,ueofPHA-orConA-st— cenp— 

sun.ulatedcells(negativecontrol). mLR assay, responder 

Mixed lymphocyte reacUon (MLR), t^or m 

u • ^f,.mQwk old C57BL6 males) were plated in triplicates 
cells (splenocytes obtained from 9-wk-old C3 m 

4 Y in^/ 100 ul and mitomycin-treated 
in 96-well-plates in the concentration of 4 x 10 / luu ^. 

inyoweip .f,,^ 10 12-wk-oldBALB/c males) were added m 

stimulators (splenocytes obtained from 10-12 wk 

. of 8 X 10^ in 50 ul. Compound 6 was added in the concentrations 
the concentration of 8 x lU m ju. f 

, , .fonni.l Cells were cultured for 5 days and a 
descried above to a final volume of 200 Cells w 
colorimetric WST-1 assay was performed, as described above. 

Apoptosisdetection. C57BU splenocytes (3 x 10 /ml) were 
eulturedin24-weUplatefor24hin500^ofRPMU640underthec^^^^^^^^^^^^^ 
aescribed above. Compound 6 was added in the concentrations o 0. , UOand 
.OO^g/ml-ApoptoticceUdeathwasdetectedbyTUNBUusing.^^^^^ 

petlon Kit, Fluorescein (Boehringer Mannheim, Indianapolis, m After 
!:Lperiod,cellswerewashed,fixed,permeabilisedandstainedfollowing 

:l:irer.sinstructions^^^ 
FACSCalibur(Becton Dickinson. San lose, Ca). 

Mice. BonemaKowttansplantrecipiontswereS-lOweckold 

C57BU6 (H.2^ male n.ce and dono. were 6-8 week old B AI3/c ma.es 
rrl^»s pulhased a. Taoonic. Gennan»wn, NY). Mice .ere kept .n An,n,a, 
m Hughes .„sU,u.e. under *e specific-pamo.en.tree condiuon 

;™l.oLda.n.ousedie.(H..anTe.ad:..B5)a„dwa.erw. 

red.Recipien.were.i.enan.i.io.ic.supp.eu.n.ed- 

^™e*opHm, Hi-Tech Pharmaca., AmiCyviile, NY) sprung *e day i^fore 

"^""'^^rraaUtion.Recipien.n.ice.posiUonedinapie.aH-^^^^^^^^^^^ 
„e,e.rea.edoneda,pHor.obonen«™w„ansp.a„«.>onw,*a,e«dose(7.5Gy) 
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of Cesium (JL Sheppard Labs, 47.08 rad/min). 

Bone marrow transplantation (BMT). Donor BALB/c bone 
n^arrow was collected into RPMI 1640 with l^glutamine (Cellgro) (Mediatech. 
Hendon. VA) by flushing the shafts of the femur and tibia. At the same time, donor 
single cell suspension of splenocytes, eliminated from red blood cells by lysis buffer 
(ACK lysis buffer - 0.15M NH4CI. l.OM KHCO3. 0.OlMNaiEDTA) was prepared, 
as well BM cells were suspended by agitation with a pasteur pipette and separated 
from debris by passing through a fme pore nylon cell strainer. Red blood cells were 
eliminated by lysis buffer and clumps of debris were allowed to settle out. The cells 
were washed and were resuspended for i.v. injection via the caudal vem. The 
standard inoculum consisted of 25 x 10^ BM cells and 25 x 10^ splenocytes in 0.5 

ml of RPMI 1640). 

Graft-versus-host disease (GVHD) monitoring. BMT recipemts 
were monitored daily for the onset of clinical evidence ofGVHDCdetermined by 

weight loss, manifestations of skin erythema, allopecia, hunching, diarrhea) and 
survival during the 90-day observation period. Survival times were measured from 
the day of BMT (day 0). Deaths occurring within 1 1 days of transplantation were 
considered to be radiation-induced and were excluded. 

Drug Treatments. For GVHD prophylaxis - daily intraperitoneal 
(i p ) injections of Compound 6 (WHI-P131), 4-(3'-hydroxyl-phenyl)-amino- 
6,7-dimethoxyquinazoline (WHI.P132, Compound 7), Cyclosporine (Sandimmune 
® Sandoz Pharmaceuticals Ud, Basle, Switzerland). Methylprednisolone (Depo- 
Medrol® Pharmacia & Upjohn Company. Kalamazoo. Michigan). Methotrexate 
(Immunex Corporation, Seattle. Washington) and vehicle control were administered 
to mice starting the day before BMT(-l)or on the dayofBMT(dayO). compound 

6 was administered in a dose of 25 mg/kg/day and 60 mg/kg/day (divided m three 
doses). Compound7 - 50 mg/kg/day day (divided in three doses), from the day 0 of 
BMT- cyclosporine, methylprednisolone and methotrexate were injected m a doses 
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accoriing .he ChiWren cancer group (CCO, protocol: 3 m^g'da, (d,vid«i in .wo 
doses), .0 mg/kg^day (divided in .wo dos.) and ,0 mg,m V (»- daily), 
^pecively. The .rea«,en.s wi.h cyclosporine and meftylprednisolon. s.aned .he 
day before BMT (-1) and lasred .ill *e end of experimen.al period, wh.le 
„e.ho.rexate was adminis.cred on days 1, 3, 6 and 1 1 post BMT. _ 

StatisUcal analysis. S«.is.ical analysis of data obtained m 

survival data were analyzed by life-table mChods using the Man.=l-Co. test. 
Data from the above assays is presented in Figures 21-26 

Figur. 21. Dose-dependent suppression of MLR (A), PHA-induced (B) and Co„A- 
induced (C) proliferation of splenocytes b, WH-PB.. WHI-P.3. was added in the 
concentration of 0.1, 1, 10 and 50 ,g/nO during ^ 5^ay<ulture (MLR) or 3-day- 
culture period (PHA and ConA assays). Proliferation was measured by WST-1 

experiments. Statistical differences between the gtoups analyzed by Studenfs t-test. 

The ability of a compound to prevent or tteat autoimmune diseases 

(e g autoimmune induced diabetes) be determined using assays that are know,, .n 
„e art, orcanbedetenninedusing assays similar .othosedescribed in ExampleT. 

F.xamole?. Autoimmune Diseases 

C57BU6 and NOD mice were purchased from Taconic. 
Germantown, NY, and housed under pathogen-free conditions in Animal care 

X • . J fC^lWJe X 129/Sv) mice, homologous for 
facility of Hughes Institute. Jak3 (C57bUt) x i z^/o ; 

disrupted Mk3 gene were generous gift of Dr. J. N. mle. S.. lude Children's 

Re^hHospital.Memphis,TN. A homozygous ..B"^" '^-^'"'-'^^ 
C57BU6 miceand the offspringoftheFl generation werebackc,ossedtoC57BU6 
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mice. After .h,^ gene^Uons of backcrossing to C57BU6, ^ offspring were 
i„.ercrossed.oproduce7.«-^- and wild-ype (WT)y.B^'^ mice, which were 

used in our experiments. 

Induction of LDSTZ model of diabetes. C57BU6 male mice or 
,AK3-deHcient and WT mice (8-10-wk.>ld) were injected intraperitoneally with low- 
dose (40 mgfl^g ) of ST^ (Sigma, St U,uis. MO) dai.y for 5 consecutive days, for 
inducdon of autoimmuneexpedmental diabetes (LDSm STY was dissolved inctrate 

buffer pH 4.0 on ice. and injected wimih 10 min of preparation. Mice wete momtored 
for diabetes developmem by tesUng blood glucose from the second week (day 7) after 
U,e S-IZ administrations by One Touch Profile diabetes tracking system (Ltfescan. 
Milpitas, Ca). Mice with glycemia over 220 mg/dl on dtree consecutive tests were 
considered diabetic, with the first detection of chronic glycemia taken as the date of 
diabetes onset. A group of C57BU6 males was treated with Wffl-P13. - lOOmgftg 
May i p devided in two equal doses, from a beggining of the experiment t>ll day 25. 
As WHI-P131 was solubilazed in 10% DMSO in PBS. control mice were treated with 
10% DMSO in PBS. using the same conditions as described above. 

Treatment «t NOD females with WHI-P131 and assessment of 
diabetes deve.opn.ent NOD females were treated from 5- or 10-wk of age with 
different dose of Vmi-P131, ddly. i.p. Control mice were treated with 10%DMSO 
inPBS Miceweremonitoredfordiabetesdevelopment by testing blood glucose from 
10 wk of age by One Touch Profile diabetes tracking system, as described above. 

Intraperitoneal glucose tolerance test aPGTT). Intraperitoneal 
gtacose tolerance test (IPGTT) was perfomted in d.e group of non-diabetic WHI-P131- 
^ and vehicle-treated control NOD females on me end of experimental perrod (25 
wk of age of NOD mice). Mice were fasted for 10 hours, and the glucose solutton (1.5 
g/kg body weight) was injected i.p. Before and after injection of glncose. blood 
samples were taken and blood glucose levels were measuted (as described above) at 0. 

30 60 and 120 min time points. 

Histology. The group of control and WHI-P131-treated non-diabetic 
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NOD females »as sacrificed a, the end of experimencal period , a. 25 wksof age, and 
characterisuc his.opad,ologic lesion of islcK (insulitis) was evaluated in each mouse 
scoring a. leas. 25 islets per mouse. BrieHy, pancreas was removed, fixed in 10% 
formalin, parafm embedded, cut and stained with hematoxylin and eostn for hght 
microscopic examinations. All islets sampled from three nonoverlapping pancreattc 
levels were assigned an insulitis score as follows: 0 - no visible lesions; 1- peri-insuli„s 
„i,h no islet penetration; 2 - < 25% of the isle, infiltrated; 3 - >25% of the islet 

infiltrated; 4 - end stage. 

Adoptive traiKfer of diabeUc splenoeytes to mOscid/sc:d 
finales and assesment of diabetes development Single-cell suspensions of 
splenic leucocytes pooled from 8 - 10 diabetic NOD females wer. prepared by 
passage through Nitex 1 10 mesh, and red blood cells were lysed in 10 x Gey's 
solution. Aliquotsof 1 x lO^plenocytes were adoptively transferred 
intravenously into 4-week-old NOD/U-.cW'.cW females CITe Jacteo" laboratory. 
Bar Harbor, ME). WHI-P131 treatment (50 mgA^g) or control treatment (10% 
DMSO in PBS) of tiOD-scid mice started at the same time. Mice were raomtored 
for diabetes development by testing urinary ^uco» every week from second week 
af.er flre transfer by Chemstrip uGK strips (Boehringet Mannheim, Indianapohs, 
W) Mice with glycosuria over 500 mg/dl («+) on consecutive weekly tests were 
considered diabetic, with the firs, detection of chronic glycosuria «ken as tire date of 
IDDM onset. 

statistical analysis. Statistical analysis was done by using unpaired 
Student's .-test OPOTT and insuMs dau) and ANOVA test (differences in glycemic 
,evel between the experimental gnmps). Bx,.rimen«l differences in mDM incidence 
surdies in Wffl-P131-Ueated and control NOD and LDST^treated mice or m 
adoptivelyuansferred^camicewereass^sedby the K^lan-Meier life table analysts 

using Mantel-Cox test. The p value < 0.05 was considered as statistically significant. 



RftsiilLs for F.xample 7 
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Development of LDSTZ diabetes is inhibited in JAK3-dericient mice 
Fig 27 shows cummulative diabetes incidence (A) and blood glucose level (B) in 
JAK3-der.cient and WT mice treated by low-dose STZ. While 13/13 (100 %) of WT 
mice developed hyperglycemia till day 14 post first ST^ injection, only l/l2(8.3%)of 
JAK3-deficient mice became diabetic in entire experimental period of 25 days (p < 
0 000 1) (Fig. 27). WT mice exhibited increase of blood glucose from day 7, reaching 
the hyperglycemic level (> 220 mg/dl) on day 9 post first STZ injection (Fig. 28). In 
contrary, JAK3-deficient mice stayed normoglycemic throught entire experimental 
period (p<0.0001 compared to WT glycemic level by ANOVA) (Fig. 28). 

Inhibition of diabetes development in LDSTZ model of disease by 
JAK3 kinase inhibitor WHI-P131. Daily treatment of C57BU6 males by lOOmgAcg 
of WHI-P131 (2 doses) i.p., initiated from the first day of STZ injections, inhibited the 
development of LDSTZ diabetes (Fig. 29). While 20/38 (52.6%) of control mice 
developed diabetes on day 7, followed by 32/38 (84.2%) of diabetic mice on day 9 and 
36/38 (97 4%) of diabetic mice on day 1 1 post first STZ injection, only 4/20 (20%) 
WHI-P131-treated mice became diabetic on day 7. followed by 10/20 (50%) on day 9 
and 13/20 (65%) on day 11 (Fig. 29). Fig. 30 shows that WHI-P131-treated mice 
exhibited significantly lower (p=0.027) blood glucose level throught entire 
experimental period compared to the control mice. 

Prevention of IDDM development in NOD females by WHI-P131 
treatment The diabetes incidence in NOD females treated daily with: a) 20 and 50 
mgAeg of WHI-P131 from 5 to 25 wks of age (Fig. 27). and b) 100 mgAcg of WHI- 
P13 1 from 5 to 8. 5 to 25 and 10 -25 wks of age (Fig. 28) was studied. While diabetes 
appeared at 13wks of age in DMSO-trcatedmice(control). the WHI-P131-(50mgAcg) 

treatedmice started todevelop diabetes at 22 wks of age (Fig. 27). At 25 wks. 22/37 
(60%)of control mice became diabetic, while only2/ll(18%)of NOD females treated 

with50mg/kgofWHI-P131 developed diabetes (p=0.0 17). Daily treatment with 20 
mgAcg of WHI-P131 did not show protective effect on diabetes development - 5/9 
(56%) of treated mice developed diabetes till 18 wks of age (Fig. 27). We asked 
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n wMT-P 1 1 from wks 5 to 9 of 
whether short course of treatment with 100 mg/kg of WHI P131, 
whether snon pja 98 shows that such treatment did not 

. f „1M have a lasting protective effect. Fig. 2» snows um 

1 eff Je in the prevention of diabe«s. Fig. 28 shows that — wO, .00 
could be effectwe m m p effective as treatmenl initiated 

n. „fMUHIP13l initiated at 10 wits of age, IS as etreciive a 
mgncgofWHI-PUl.inui /1 11 a 25 wks of age under 

,. 5 of age ■ diabetes incidence reached 9 % (1/10 at 25 wKs g 
earlier, at 5 wKs or age , , ,„h ■ <,% (Am) under the later one 

tt,e nrst treatment (p=0.007 compared to controls) and 18% (4/22) 

(p=0.025 compared to controls). ^^^^ 
Group of normoglycemic NOD females treat 

■ih .00 mgflcg of WH..P.3. for 20 (n=6) or .5 weeks (n=7) was fasted on the end 
wtth.OOmgflcgof ,^G„„as performed. No„-d,abet,c, 

of experimental penod (at 25 wks ot age) wrr test as we.. The 

non treated C57BU6 mice (n=5) were used as controls in IPOTT test, as well. 
:r^g.ucose,evelsweresin..arbetwee„.heC57BU6miceandbo*^u. 

:^l.P13,-reatedNODmiceduring.20min,imeperiodpostglucosec alle ge^ 

™normogly«micDMSO-t.eatedmi.e.hibitedasi^ncan.l,h.gherblood 

rree.Jhobservedtimepoin.thenei.her of WH..P.3.-.reated groups. 

glucose leveidic f jncHtis level of the pancreata 

Further, histological examination of the msulitis P 

, A- TPTTT was done Insulitis score of controls (n=3) 
obtained from the mice analyzed m TPGIT was ^ ^ p, 3^ f,,^ 5.25 

w..l43^15 whileinsuUtisscoreofNODfemalestreatedbyWHI-P131from5 
was 1.43±0.15. wh o 86±0.12. However, insulitis score of 

wks of aee was significanUy(p=0.02b) lower u. 

;ODfeLestrea.edb,WHI-P.3.from.0-25wksofagewasno.d.fferen.from 

^""•""""'trvenUonoraiahe.esaeve.op.nen.U.a^^^^^^^^ 

, K wm P131 treatment As WHI-P131 showed capability to 
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™„sfe.ing disease .o NOD-.c« mice. Two groups of NOD... femaies were 
adoptively .ransfe^ wi,h 1 x ,o' sp.enoc,.es fro™ diabetic NOD fen,ales a.,d one 
group was treated daily from .he day of transfer with 50 ntg^g of WHl-Pl 3 1 (n=.2, 
whiLotheronewastreatedby >0%DMSO(n=,.,(F.g. 34). While 6/U (55*) of 
control NOD-^cMbecante diabetic at4 wk, followed by 8/11 (73%)_of diabetic mtee 
a, week 5 post adoptive transfer, only 1/12 (8%) of WHI-P131-«eated NOD-sM 
females becan« diabetic in the same experimental period (Fig. 4). Clearly. diaWes 
development post adoptive transfer was signifcanUy (p^.002) prevented by WHI- 
P131 treatment. 

The ability of a compound to prolong allograft survival can be 
determined using assays that are l^own in the art, or can be determined using assays 
similar to those described in Example 8. 

Esamplei. Prolongation of Allograft Survival Without Impairment of Islet 
Cell Functton. 

Male C57BU6 mice (H-2N 8 - 12-wk-old were used as recipients 
and BALB/c (H-a") males of me same age were used as a dono,.. Both strain of 
^ce were purchased a. laconic, Germantown. NY. and ho.^ under pathogen-free 

conditions in Animal care facility of Hughes Institute. Jakf 

(C57BU6 X 129/Sv, H-aS mice, homologous for disrupted Jak3 gene were 

generous gift of Dr. J. N. Me. St. Jude Children's Research Hospital. Memphis, TO. 

A homozygous Jm'' mice were b^ to C57BU6 mice and the offspring of the 
Fl generaUon were backcrossed to C57BU6 mice. After three generations of 

backcrossing to C57BU6, the offspring were intercrossed to produce JoW^' and 

. • 1 n 1 0 old Jak3'^' and WT males were used as 

wild-type (WT)Jafe3 mice. 10-12-wk-old JafcJ 

recipients of BALB/c islets. 
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Mixed lymphocyte reaction (MLR). For MLR assay, respond 
ceils (spienocy.es obtained fron, .O-wU-oid C57BU6 males) were plated ,n 
.rtplicatesin96-we,l-piatesin.i-ec„„centrationo,4xi0^n(K)plofRPMUUfe 

Technologies . Grand Island, NY) wim addition of .0* fetal bov,ne sen-m 
(Uboratories Inc., Logan, ITT). Mitomycin-tteated stimulators (splenocy.es 
obtained from 10-,2-wlt.ld BAI^fc males) we. added in U,e concen.ra.,on of x 
,0^ in 50 ^ WHI-P131 was added in diffcen. concentrations to afnal volume of 
m .1 and cells were cnltured in 5% C02 with hnmidif.ed air in an incuba.or a. 37 
oc for 5 days. mn. a colodmetric assay for U,e quantification of cell p^liferation, 
basedonte cleavage of thetetrazolium salt WST-.by mitochondrial 
dehydroge„asesinviablecells(BoehringerMannheim.Indianapolis,IN),was 

JormL following mannfacutrer. inst^ctions. The absorbance was measure, a. 
^lonmonaMuUisicanMS microplate scanner. The valueofce prol.fer.on 

wasobtainedbydiminishingCD. vaiueof proliferation of stimulatedcensbyCD. 
value of „o„-s,imu.a.ed cells (O.D. values of non-stimulating cells were t^tween 
0.370 -0.450). 

Apoptosis detection. CSTBUsplenocytes (3 x lO^ml) were 
eul.un=din24-«ellpla.efor20hin5a0^Io,RPMI-1640underd,econdi^^^^^ 

described above. WH-PI31 was added in tt,e concentrations of O.I, 1, 10 and 100 
^mlApoptoUccell death was detected by TONEUusinglnSituCellDetectton 

Z Huo.scein(Boehri„gerManri,eim.IndianapoIis.m). After the culture 
„riod cells were washed, fixed, permeabilised and stained following 
Luflcturefs instructions and apoptosis was an-yzed by flow cytometry, us,ng 
FACS Calibur (Becton Dickinson, San Jose, Ca). 

Flow cytometric (FACS) amUysis. Single cell suspension of 
splenocytes was prepaid from WHI-P131- (.30 mg«cg/day, or vehicle-treated ^ 
C57BU6 mice, red blood cells we« lysed by lysis buffer and splenocytes (1x10) 
„e. stained wiU. 1:100 dilution of following anti-mouse monoclonal an.,bod.es 
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, Ab)- an.i-CD3-FrrC Ab (clone .45-2CU ), ami-CD4-FrrC Ab (clone GKl .5), 
a„U-CD8.PE Ab (done 53-6.7 , and a„«-CD.9-PE Ab (Cone .D3). AU Abs we. 
pu^hased from Phanningen. San Diego, Ca. Suined sp.enocy.es were analyzed by 

FACS Calibur, as described above. 

Islet isolation. Islets of Langerhans were isolated from BALB/c 
males by the bile duct perfusion with 3-4 ml of collagenase P (3 mg/ml ) 
(Boehringer Mannheim. Indianapolis. IN) and deoxyribonuclease (0.1 mg/ml) 
(Sigma St. Louis. MO), as described previously Cetkovic-Cvrlje M. et al.. 1997. 
Diabetes. 46: 1975-1982). Islets were hand-picked 3^ times under the dissectmg 
scope before islets were free of exocrine tissue, vessels, lymph nodes and ducts and 

ready for transplantation. 

Allogeneic islet tramplantaUon and drug treatment Four hundred 
i^etswereplaced in Hamilton syringe andtransplantedunder me let. kidney capsule 

of each diabetic recipient mouse. Recipient were rendered diabeUc wift a s,ngle 
i p dose of suep.ozo.ocin (200 mgftg; Signna, S.. Uuis, MO) 1 wk before 
,™sp.an.ation. Blood glucose level was measured by One Touch Prof.le glucose 
moniror system (Lifescan, Milpltas, Ca ). Only diabetic mice with glycemra over 
350 mg/dl were used as transplant recipients. Allograft function was monitored by 
serial blood glucose measurements. Primary graft function was defined as a blood 
glucose under 200 mg/dl on day 3 post uansplanuUon and graft rejection was 

defined as a rise in blood glucose exceeding 250 mg/dl on two oonsecufve 
nreasu^ments. tollowingaperiod of primary graft funcUon. Recipients were treated 

daily with high-dose (20 mgflcg) of cyclosporine A (Sigma, St. U.uis . MO). WHI- 
P,31 (50 and 75 mgflcg, divided in threedoses), WHI-P132 (50 mg«cg, divided m 
Unee doses) or with vehicle control from to day of transplantation until the day of 
rejection. All injections were given i. p. 

Intraperitoneal glucose tolerance test aPGTT) in syngeneic Islet 
.^.splant recipients. IPOTT was performed i„ C57BU6 recipients *a. were 
.ransplanted with syngeneic islet grafts m C57BU6 isleu) and treated with WHI- 
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.Kc Miri- were fasted for 10 hours, and the 

described above) a. 0. 30, 60 and 120 min time po.nU 

Histopathological studies. The vehicle control- (n-3) and WHl 
■ »^ nf islet alloeraft were sacrificed on day 14 
P13l-treated C57BU6 recipients (n=5) of islet aliogr 

■ T.wV'- recipients (n=6) were sacrificed on day 100 post 
posttransplantation;Jak3 '^'^''"^ [ ' _ ^^^^^^ 

. . , „»■ thp r57BL/6 tecip enls of syngeneic isieis 
ttansplai.tat.on, the C57BUb , jgo post transplanunon. 

and WHI-PlSl-treated (n=5) .vere sacnHced on day 18U p r 
^levs bearing grafts were removed, fixed in 10% fonnalin and embedded .n 
^r:::Lonsofgraf.areawerecntandstainedwithhen.t„,y..na. 

:rForinsulinstalning,secUo„s.erestaincdbyin«nunop^x.dase.e.h^ 
rrgiaOOdilution of polyclonal gutaeapiganti-insnlinanUbodyCOpx^..^^^^ 
Zca.pinteria,Ca>and.-.100diluaonof seconda. antibody cott^g-d^^ 
I hpeldase(OuineaPig— ob.UnsHKP,Da.o,Carp.nt» 
Tins werebrieflycounterstained With— yllnandrnonntedforbght 

"""Ti;:a„alys.StaUstica.ana.ysiswasdoneby.ing.^^^^ 
^ A x:i.r<z Hata^ Exoerimental differences in allograft 

Meier life table analysis using Mantel-Cox test, in v 
as statistically significant. 



ppciiltsforF^anipleS. 

™cedono.reiectis,eta,ograftiAK3-def.cientmales(n=6, and 

a,eir WT littern,ates (n=7,, rendered diabetic by STL. were ttansplanted w.th 
Bl^isletsnndertheiadneycapsuleandbloodglucoselevelwasfoliowedfor 

r;post.ransplantation.Whi.eisleta„ograf.ofWrcont,olswerere.ec.ed 
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C pos. ..„sp.a„.a.io„ (R. 35). H..o.og,ca, analysis of graf. showed no 
;:::«on(aaLo.sH„wn).osU.M™„o„oc,ea.— nor,,ar.a^w.U, 

completely preserved istet morphology. 

WHI-P131-ir.duced inhibiUon of MLR response. WHI P131 , 
added in *econcenua.onof0.1,l,10and50.s,mianh..,edp™H.^^^^^ 
^ivesplenocyresinMLRlnadose-dependen. mannerCFrg. 6). Wh,le*e 

concenua.ionofO.1 • g/ml of WHI-PB. induced staUstically s,gn,f.can. 
r0095,reduc.ionofMU.response,comple.eal,rogarionof*erespo„se 

TurWaD. values were^lo» .l.eO.D.leve.ofnon-s,imu,aU„gco„uo,s - 

r.^wi*addi«onofl.g.mlofWH,-P13.(FiS.36).Kex.v-e.es«d«hea,er 

l::;31.induced.,mp.oc,.dea*wasa,ereas„nforin.i..ed>«^re.o^^ 

^.c m TNEL-Dositive) were determined after the 

;i:::Z-e,ldea.ofsplenoc.eseul.red...^^^^^^^^^ 

,g,m. of WHI-P13. does nor differ fron, conu.. cells, wh.le add,r,on of 0 and 00 
2mlsignifica„.lyincreased(H>.00Sandp<0.0001,respec.ively)apopro.,cce,l 

li„compa.son.ocon.rolcelldea.hduring.heo.servedculn.repenod. 

Therefore WHI-P131 effects on MLR suppression, obtained wth lower 
:::::;rr.bedrug(0..a„dllt.ml,,s.mstonotbeca„sedbytbeind„ct.on 

ofeelldeath. ^^^^ „, p„,.„ged «.t « 

.„„,,aimcon.rolC57BU6mice(n=39)reiec.edBAl^/c islet allograftv.*^ 

:cansurvivaltlme(MSX,of M.l.Cdays. — ° ^-^-'^ 
wid. higb-dose - 20 mg^tg - of CsA (;« slgnifleanUy increased (p = O.^M) 
allo Jt survival (MST = 27.9 .4.6 days, (Fig. 38). Treatments w.th 50 mgA^ 
r Co 7Lg/l^.(n=H)ofWH.-P131 v,ere as effective as CsA treatment m 
(„=14)or75mg«egt , ,mst-24 7 1 3 4 and 25.3 ± 3.8, respectively) m 

prolongation of allograft snrvwal (MST-24.7 
c„mparison.ocontr„ls(P = 0.0002and0.001,respecUvely)(F,g.38). 
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Histologic examination of .he isle, allogrft. .ha. were harves.ed a. 
,4 days pos. .ransp.an.a,ion from nonnogiycemic recipients treated with vehtCe 
Itr^, „=3, Showed .ymphocytic invasion and massive isiet dest„c.,„n, c,e..y 
::„Jhimmunost.ningforins„>in:™sf,ndi„g..s.H.ngc^n.ras.w^ 

3„ograft.fron,recipientstrea.edwitH50mg/.gofWH.-P.3.(n=5.nwh,* 
„mphocy.icinm.ra.ionwaspresen. bu.wi.hou.ex.ensivedes.™c..onof,s,e.. The 

,Us.y-ic vehic>e.uea,ed aiiografrs (n-4,, harves.ed a. .he same .,rr,e potn.^ 
llU,>nvadedhy.ymphoe.eswi.h„oremainingins.in,^^^^^^^^^ 

The nex. experimen. was performed wift an a,m .0 smdy the effects 
„fWHI-Pm— onsp.enocy.epop,.,ationsMWv<,.C57BU6ma,eswe^^ 
^„ith.30mg«cgotWHI-P.3Un=7)a„dwithvehic,econtroUn=5,for.O 

days. Tota. number of sp.enocy.es was ,54 * 8.5 x 10« in vehide-.rea.ed conUoU, 
„hi,ereducedn„mberofsp.enocy.es -,i9.9.4x.0« was found in wm^m- 
„ea»dmice(p=0.025). There we. no differences in Urepercenrages of CD3., 
^andCDS.T.ce>isandCD,9.B-ce,.sbe.ween.heWm.P>3,-andveh.e,e. 
^.edmice(da.no.shown).However,Bgu,eashowsU,ats,ightdifferences.n 

ireaicuu v WHT PI 31-treated and control 

thenumberof studiedcellpopulationsbe.weenU,eWHI-P131 trea 

poups were found. Titus, the number of CD3. sp.enocy.es was reduced .0 37.7 . 
3 2 X 10* (however, no. s.aUs.ica.,y significan., p=O.06.7, in WHI-P.3..»a.ed 
micincomparison.o46.9*2.6x.0^ncon»o.s.T.enumberofCD4.T-ce..s. 

„.S...2x.O*(P=0.04,6,,aswe..asB.e.U-57...5.3x.«^:^.0267,we,e 
^„cedinWH.-P.3...rea.edmicecompared.omecon.ro.s-20.5.0.6x .0 and 

78.2±6..xl0^respecave.y(Fig.39). 

Functic of transplanted syngeneic istets is preserved after the 

,„„g.t.rn, treatment with WHI-PWl. Titis study was performed to test me effec. 
„„ong.»,m .reamten. (.80 days, wi.h 50 mgmg of WH.-P13. on syngenerc ,s.e. 

^ Lion. AS i. could be seen on Pig. 40. non-fasting blood glucose .eve, d,d 
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„„. differ during .Ke en.ire experimenra, period of ,80 days po. .ransp,an.a.,on 
berween .he vehicle comroi- <n=4) and WH.-P.3>-.rea,ed (n=5, syngene.c 
reciprents ffOTT was performed on day 70 of ^atmem. The nonfashng Wood 
;:::of.hecon.,o,sandP,3..»a.edrecipie„.ar.a<«.ewas,0X0.6.7a„ 
m 6 * .0.8 mg/dl. respeciiveiy. n-OTT .es. showed .ha, .here was no s,gn,ncan. 
difference in isie. funCion o, non-.ransp.an.ed, ^^^^ 
.^splan.ed vehicie-.rea.ed .ecipien. (con.ro.s) and .ranspiamed WH,-P.31-.rea.ed 
A„o.her,POrr.e..wasperforn,edond,eendofe.pe„^^^^ 

periL(day.SOpos.™sp,an.a.ion,.The„o„.fasangh.ocd,.^^^^^^ 
Lewas ,20.9..2.5invehic.econ«ol-and.l5.2.9,2mg/d.,nWHI-P.31- 
i:,ecipie„..=.=Tr.es.showedagai„U,a.is.e.fnnc«on„fWH,.P>3i-»ea.ea 

^ipien. was no. differen. from isle, function of eifter con«o, r^ipien. or non- 

ttansplantedC57BU6mice. 

Representative examples from .he li^. microscop,cal evaluation of 
U,e vehicle contiol- and WHI-P.31-ttea.ed syngeneic isle, grafu are illustta.ed ,n 
S Hema.oxyl,na„de„sins.ini„gofvehic,econtiolandWHl-P131-.rea^ 
,1 showed ti.a.*erewerenosignif.can.morpho,ogica,changeshe.weenti,em. 

Unmnnohisiochemica. analysis conHrmed *a. insulin expression m WHI-P13 - 
.,ea.ed g,af.s was comparable .o .ha, of ti,e grafu of ti.e vehicle co„tio,-tiea«d 

Allpublica,ions,pa«n,s,a„dpa«n.doc„me„ua.eincorpora«dby 
„ferencehe,ein,asU,oughindividual,,incorpora.edbyrefere„ce.T1,einven.ion 

has been described wi* reference .o various specifc and preferred embodrmenu 
and .echniques. However, i. should be undersrood tira. many variations an 
modincaUons may be made while remaining wi*in *e spiri. and scope of .he 



invention. 
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